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SOP No.: 13.2 

Title Volatile Organics - M.ethod 8260A 

1.0 SCOPE AND APPLICATION 

This method is used to identify and quantify purgeable compounds in 
waste water, soil, and various types of waste samples using GCMS 
methodology. The compounds listed below include the most common 
requested volatile parameters. Their respective retention time and 
quantitation ion are listed in Table 1 for the target compounds. 

Target Compound List 

1. Chloromethane 
2. Bromomethane 
3. Vinyl Chloride 
4. Chloroethane 
5. Methylene Chloride 
6. Aceton-e 
7. Carbon Disulfide 
8. 1,1-Dichloroethene 
9. l,l-Dichloroethane 

10. trans-1,2-Dichloroethene 
ll. Chloroform 
12. 1,2-Dich1oroethane 
13 . 2- Bu tanone 
14. 1,1,1-Trichloroethane 
15. Carbon Tetrachloride 
16. Vinyl Acetate 
17. Bromodichloromethane 
18. 1,1,2,2-Tetrachloroethane 
19. 1,2-Dichloropropane 
20. trans-1,3-Dichloropropene 
21. Trichloroethene 
22. Dibromochloromethane 
23. 1,1,2-Trichloroethane 
24. Benzene 
25. cis-1,3-Dicholoropropene 
26. 2-Chloroethyl Vinyl Ether 
27. Bromoform 
28. 2-Hexanone 
29. 4-Methyl-2-pentanone 
30. Tetrachloroethene 
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31. Toluene 
32. Chlorobenzene 
33. Ethyl Benzene 
34. Styrene 
35. Total Xylenes 

Appendix IX List 

l. Acetonitrile 
2. Acrylonitrile* 
3. Allyl Chloride 
4. 2-Chloro-1,3-butadiene 
5. 1,2-Dibromo-3-chloropropane 
6. Dibromomethane 
7. 1,2-Dibromoethane 
8. 1,2-Dichlorobenzene 
9. 1,3-Dichlorobenzene 

10. 1,4-Dichlorobenzene 
ll. trans-1,4-Dichloro-2-butene 
12. Dichlorodifluoromethane 
13. p-Dioxane* 
14. Ethyl methacrylate 
15. Isobutyl alcohol 
16. Methacry1onitrile 
17. Methyl iodide 
18. Methyl methacrylate 
19. Pentachloroethane 
20. Propionitrile* 
21. 1,1,1,2-Tetrachloroethane 
22. Hexachloroethane 
23. 1,2,4-Trichlorobenzene 
24. Trichlorofluoromethane 
25. 1,2,3-Trichloropropane 
*Poor purging efficiency resulting in high EDL. 

SOP No. : 13. 2 
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Additional Compounds 

l. MTBE 
2. 2, 2 - Dichloropropane 
3. l, 3 - Dichloropropane 
4. Isopropylbenzene 
5. Bromobenzene 
6. n Propylbenzene 
7. 2 - Chlorotoluene 
8. 4 - Chlorotoluene 
9. l, 3, 5 - Trimethylbenzene 

10. tert - Butylbenzene 
ll. l, 2, 4 - Trimethylbenzene 
12. sec - Butylbenzene 
13. 4 - Isopropyltoluene 
14. n - Butylbenzene 
15. Hexachlorobutadiene 
16. Naphthalene 
17. l, 2, 3 - Trichlorobenzene 

SOP No.: 13.2 
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Camp 
__!iQ_,_ 

l) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 

10) 
11) 
12) 
13) 
14) 
15) 
16) 
17) 
18) 
19) 
20) 
21) 
22) 
23) 
24) 
25) 
26) 
27) 
28) 
2 9) 
30) 
31) 
32) 
33) 
34) 
35) 
36) 
37) 
38) 

Compound 
Name 

*Fluorobenzene (IS) 
Chloromethane 
Bromornethane 
Vinyl Chloride 
Chloroethane 
Acrolein 
Acrylonitrile 
Methylene Chloride 
Acetone 

TABLE 1 

Carbon Disulfide 
l,l-Dichloroethane 
trans·l,2-Dichloroethene 
1,1-Dichloroethane 
1,2-Dichloroethene (total) 
Chloroform 
1,2-Dichloroethane-d4 
1,2-Dichloroethane 
2-Butanone 
*1,4-Difluorobenzene (IS) 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
2-Chloroethy1viny1 Ether 
Bromodichloromethane 
1,2-Dich1oropropane 
cis-l,3-Dich1oropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
trans-1,3-Dichloropropene 
Bromoform 
*Chlorobenzene-dS (IS) 
4-Methy1-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 

Retention 
Time, Min 

8.14 
2.49 
3.10 
2.61 
3.25 
4.37 
5.69 
5.49 
4. 57 
5.24 
4.69 
6.06 
6.75 
7. 73 
8.00 
9.04 
9.18 
7.57 
9.83 
8.63 
9.02 
6.98 

11.47 
10.77 
10.4 7 
11.73 
10.24 
13.43 
12.73 

9.22 
12.55 
15.92 
14.49 
11.61 
13.00 
13.30 
16.41 
12.24 

SOP No.: 13.2 
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Quantitation 
Ion 

128.0 
50.0 
94.0 
62.0 
64.0 
56.0 
53.0 
84.0 
43.0 
76.0 
96.0 
96.0 
63.0 
96.0 
83.0 
65.0 
62.0 
72.0 

114.0 
97.0 

117.0 
43.0 

106.0 
83.0 
63.0 
75.0 

130.0 
129.0 

97.0 
78.0 
75.0 

173.0 
117.0 
43.0 
43.0 

164.0 
83.0 
92.0 
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39) 
40) 
41) 
42) 
43) 
44) 

Toluene-dB 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylene (total) 
Brornofluorobenzene 

12.14 
14.55 
14.75 
15.61 
15.59 
16.53 

SOP No. : 13. 2 
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98.0 
112.0 
106.0 
104.0 
106.0 
95.0 

*Compound is Internal Standard. Compounds listed under each (IS) is 
quantified against that particular (IS). 
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2.0 SUMMARY OF METHOD 

SOP No. : 13 . 2 
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2.1 The volatile compounds are introduced into a gas chromatograph by 
the purge and trap method. 

2.2 An inert gas is bubbled through the solution at ambient 
temperature (at elevated temperatures for soil samples), and the 
volatile components are efficiently transferred from the aqueous 
phase to the vapor phase. The vapor is swept through a sorbent 
column where the volatile components are trapped. After purging 
is completed, the sorbent column is heated and backflushed with 
inert gas to desorb the components onto a gas chromatographic 
column. The gas chromatographic column is heated to elute the 
components, which are detected with a mass spectrometer. 

3.0 INTERFERENCES 

3.1 Interferences purged from the samples will vary considerably from 
source to source, depending upon the particular sample or extract 
being tested. The analytical system, however, should be checked 
to ensure freedom from interferences and contamination, under the 
analysis conditions, by analyzing method blanks. 

4.0 APPARATUS AND HATERIALS 

4.1 Cas Chromatbgraph 

Hewlett-Packard 5890 Gas Chromatographic Systems (GC) are employed 
for execution of this method. The GCs are complete with 
temperature programming capabilities, and all required accessories 
such as columns, gases, cooling valves and syringes. Sample 
introduction is accomplished through the use of purge and trap 
systems. 

4.2 Purge and Trap System 

The Tekmar 2000/3000 purge and trap system is coupled with the gas 
chromatographic system. The system is equipped with a Tekmar 2016 
sixteen position autosampler, and a sample heating device for soil 
samples. 

The purge and trap device consists of three separate modules. The 
sample purger, the trap and the desorber. The purging chamber 
accepts glass vessels capable of holding at least 5-ml of liquid 
samples or 5 grams of soil samples. The glass tubes are stored in 
an oven at 105~ to prevent contamination from organic vapors. 
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The trap utilized by the laboratory is 25 em long and has an 
inside diameter of 0.105 in. Traps are marketed as VOCARB 3000 by 
vendors such as Supelco, and consist of graphitized carbon. 

A complete description of the inner workings of this purge and 
trap model is available in the Tekmar 2000/3000 manual. 

4.3 Mass Spectrometer 

The HP-5970 Quadropole Mass Selective Detector is used as the 
detection device for Method 8260. This system is capable of 
scanning from 35-260 amu every one second or less, using 70 volts 
(nominal) electron energy in the El mode. After proper tuning, 
the system produces a mass spectrum that meets all the criteria in 

Table 4 when 50 ng of 4-Bromofluorobenzene (BFB) are injected into 
the gas chromatograph. 

4.4 Data System 

Each GC/MS system is attached to a dedicated 486 or pentium based 

computer equipped with Enviroquant software for automated 
acquisition and processing. The software generates total and 

extracted ion profiles of each compound and is capable of 

performing library searches on spectra using a full EPA/NIH Mass 
Spectral Data Library. Each system is attached to an internal 

laboratory computer network for additional data processing, 
storage and archiving. 

4.5 Column 

A Rescek Negabore colwnn, 60 meters in length, with a 0. 53 mm 
internal diameter and 2.0 micron film thickness is used. 

4. 6 Microsyringes - 10 ul, 25 ul, 100 ul, 250 ul, 500 ul, and 1000 ul. 

4. 7 Luerlock syringe - 5 and 25 ml gas tight. 

5.0 REAGENTS 

5.1 Organic free reagent water. 

5.2 Stock solutions. 

5.3 Methanol, High purity grade, B & J Brand for Purge and Trap 
analysis. 



~"lit 

GIENviRONMENTAL SERVICES 

SOP No. 13.2 
Page 8 of 24 

6.0 PROCEDURE 

6.1 Calibration 

Five concentration levels are analyzed for each analyte and 
surrogate standards. A five point curve is then created after all 
5 points are analyzed. Calibration levels are analyzed at 20, 50, 
100, 150 and 200ug/l for all analytes and surrogate standards 
except for 2-Chloroethyl vinyl ether which is analyzed at 40, 100, 
200, 300 and 400ug/l. 

6.2 Instrumentation Parameters 

The following set of operating conditions exist for method 8260A. 

Electron energy: 
Mass range: 

70 volts (nominal) 
35-260 amu 

Scan time: To give 5 scans/peak but not to exceed 7 
sec/scan 

Initial column temperature: 
Initial column holding time: 
Column temperature program: 
Final column temperature: 
Final column holding time: 
Injector temperature: 
Source temperature: 

Transfer line temperature: 
Carrier gas: 

6.3 Tuning 

10° c 
4 min 
8° C/minutes 
190° c 
1 min 
220° c 
According to manufacturer's 
specifications 
280° C (Preset to manufacturer) 
Helium at about 8mljmin 

At the beginning of each day, each GC/MS system is injected with 
50ng of BFB and tuned to meet the criteria listed in Table 4. The 
analysis must not commence unless the criteria are met. This 
requirement must be met for each 12 hour interval. 

6.4 Calibration Requirements 

Once tuning requirements are met, the initial or continuing 
calibration check must be established. The generation of response 
factors is the next step in establishing the calibration 
requirements for method 8260A. The instructions for determining 
the response factors are as follows: 

Tabulate the area response of the quantitation ions (see 
Table l) against the concentration for each compound and 
each internal standard. Calculate response factors (RF) for 
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each compound relative to one of the internal standards. 
The internal standard selected for the calculation of the RF 
for a compound should be the internal standard with the 
retention time closest to the compound being measured. The 
RF is calculated as follows: 

RF 

where: 

Area of the characteristic ion for the 
compound being measured. 

Area of the characteristic ion for the 
specific internal standard. 

Concentration of the specific internal 
standard. 

Concentration of the compound being 
measured. 

The aVerage RF must be calculated for each compound. A 
system performance check should be completed before the 
calibration curve is used. Five compounds, the System 
Performance Check Compounds, or SPCCs, are checked for a 
minimum average response factor. These compounds are 
chloromethane, 1,1-dichloroethane, bromoform, 1,1,2,2-
tetrachloroethane, and chlorobenzene (see Table 4). The 
minimum relative response factors for these compounds should 
be 0.1, 0.1, >0.1, 0.3 and 0.3. These compounds typically 
have RFs respectivly, of 0.4-0.6 and are used to check 
compound instability and check for degradation caused by 
contaminated lines or active sites in the system. Initial 
calibration is analyzed at 5 levels. These levels are 20, 
50, 100, 150 and 200ug/l. The following compounds have 
higher initial calibration levels. 

Acrolein 
Acrylonitrile 
2 - Chloroethyl Vinyl Ether 

80 
80 
40 

200 
200 
100 

400 
400 
200 

600 
600 
300 

800 
800 
400 

Using the RFs from the initial calibration, calculate the 
percent relative standard deviation (% RSD) for all 
compounds. 
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% RSD -

where: 

RSD 

X 

N 

SD 

SD 

SD 

X 

X 100 

SOP No. : 13. 2 
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relative standard deviation 

mean of 5 initial RFs for a compound 

Number of calibration points 

standard deviation of average RFs 
for a compound 

Response factor for each point 

_C_x-=-i _----"x_) 
2
] 1 I 2 

N - 1 

The %. RSD for each individual analyte should be less than 30 
percent for the calibration check compounds (CCCs) (see 
Table 3). This criterion must be met in order for the 
individual calibration to be valid. The CCCs are: 

1,1-Dichloroethene 
Chloroform 
1,2-Dichloropropane 
Toluene 
Ethyl benzene 
Vinyl chloride 

The initial calibration curve for each compound of interest 
must be checked and verified once every 12 hours of analysis 
time. This is accomplished by analyzing a 50 ppb 
calibration standard and checking the SPCC and CCC. 

System Performance Check Compounds (SPCCs) - A system 
performance check must be completed each 12 hours. If the 
SPCC criteria are met, a comparison of response factors is 
made for all compounds. This is the same check that is 
applied during the initial calibration. If the minimum 
relative response factors are not met, the system must be 
evaluated, and corrective action must be taken before sample 
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analysis begins. Potential problems include standard 
mixture degradation, injection port inlet contamination, 
contamination of the front end of the analytical column, and 
active sites in the column or chromatographic system. 

Calibration Check Compounds (CCCs) 

~- RFc X 100 

% Difference - RFI 

RFr average response factor from initial calibration 

response factor from current verification check 
standard 

If the percent difference for any compound is greater than 20, the 
laboratory should consider this observation as a warning limit. 
If the percent difference for each analyte is less than 25%, the 
initial calibration is assumed to be valid. If the criterion is 
not met (< 25% difference), for any one analyte, corrective action 
MUST be initiated. If the source of the problem cannot be 
determined following the initiation of the corrective action, a 
new five-point calibration MUST be generated. This criterion MUST 
be met before quantitative sample analysis begins. 

The internal standard response and retention times in the 
calibration check standard must be evaluated immediately after or 
during data acquisition. Tables 3 and 4 list SPCC and CCC 
compounds. 

6.5 Retention Time Change 

If the retention time for any internal standard changes by more 
than 30 sec. from the last check calibration or when an internal 
standard area changes by a factor of 2 (·50% to +100%), from the 
last continuing calibration standard, then all affected samples 
must be reanalyzed after the problem is corrected. Typical 
retention times for 8260A analytes under the parameters listed in 
Section 6.2 is provided on Table l. 

6.6 Qualitative Analysis 

6.6.1 The compounds listed in Section l shall be identified by an 
analyst by comparison of the sample mass spectrum to the 
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mass spectrum of a standard of the suspected compound. Two 
criteria must be satisfied to verify the identification. 

6.6.1.1 

6.6.1.2 

Relative relation time of the sample and 
standard must agree± 0.05. 

Correspondence of the sample component and 
standard component mass spectra. 

6.6.2 The requirement for qualitative verification by comparison 
of mass spectra are as follows: 

All ions present in the standard mass spectra at a relative 
intensity greater than 10% must be present in the sample 
spectrum. All ions specified must agree within ± 20% 
between the standard and sample spectra. Ions greater than 
10% in the sample spectrum but not present in the standard 
spectrum must be considered and accounted for. 

6.7 Quantitative Analysis 

\.Jhen a compound is identified, quantification is based on the 
integrated abundance of the primary characteristics ion and the 
response and amount of the corresponding internal standard. 

Concentration (ug/L) -

Concentration (ug/kg) -

where, 

Ax 
Is 
A is 
Avg RF 

Vo 
D 
w 
s 

(Ax) (Is) (D) 

(Ais) (Avg RF) (Vo) 

(Ax) (Is) (D) 

(Ais) (Avg RF) (W) (S) 

Area of primary ion 
Amount of internal standard, ug/L 
Area of ion for internal standard 
Mean relative response factor for 
compound measured 
Volume of sample purged, L 
Dilution factor 
Weight in Kg 
Solid 
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6.8 For non-TCL components, a library search may be executed. Up to 

20 non-surrogate organic compounds shall be tentatively identified 

when required. Guidelines for making tentative identification: 

6.8.1 

6.8.2 

6.8.3 

6.8.4 

Ions greater than 10% of the most abundant ion should be 
present in the sample spectrum. 

Relative intensities of the major ions should agree 

within ± 20%. 

Molecular ion present in the reference spectrum should be 

present in sample spectrum. 

Ions present in the sample spectrum but not in the 
reference spectrum should be reviewed for possible 
background contamination or presence of co-eluting 

compounds. 

6.9 GC/MS Analysis 

6.9.1 \Jater Samples 

6.9.1.2 All samples and standard solutions must be 
allowed to warm to ambient temperature before 
analysis. 

6.9.1.3 BFB tuning criteria and daily GC/MS calibration 

criteria must be met before analyzing samples. 

6.9.1.4 Adjust the purge gas (Helium) flow rate to 
approximately 40mljmin on the purge and trap 

device. 

6.9.1.5 Remove the plunger from a 5ml syringe. Open the 
sample and carefully pour the sample into the 
syringe barrel to just short of overflowing. 
Compress the sample. Vent any residual air 
while adjusting the sample volume to 5.0ml. 

6.9.1.6 Add 5.0ul of surrogate spiking solution and 5ul 

of internal standard solution (50 ppm each) 
through the valve bore of the syringe. 

6.9.1.7 For the matrix spike analysis, add 5ul of the 
matrix spike solution (50 ppm) to the sample to 

be purged. This will yield a final 
concentration of 50ug/L (ug/kg for soils) in the 

final sample. 



GIENviRONMENI'.IlL SERVICES 

SOP No. : l3. 2 
Page 14 of 24 

6.9.1.8 The samples are analyzed with appropriate 
dilution when the concentration level of any 
analyte exceeds the calibration range. 
Dilutions are made in the Sml gastight luer lock 
syringe by adding reagent water. Calculate the 
volume of reagent water needed for the dilution 
and add into a 4ml syringe. Using a suitable 
syringe, add the exact volume of sample into the 
reagent water in the Sml syringe. Add Sul of 
Internal Standard & Surrogate and analyze as 
discussed above. 

If the dilute sample has a concentration of 
analytes that exceeds the initial calibration 
range, the sample must be reanalyzed at a higher 
dilution. 

6.9.1.10 The spiked sample is injected into a purging 

tube attached to the Purge & Trap device. Purge 
the sample for ll minutes and desorb the 
contents of the trap at 200° for 2 minutes into 

the GC/MS. 

6.9.1.11 Low Concentration Method: This method is 
applicable to water samples containing low 
levels of contaminants. The detection limits 

are generally improved by analyzing larger 
sample volume (25 ml). The detection limits of 
compounds with poor purging efficiency (such as 

ketones) do not significantly improve when low 
concentration method is utilized. The low 
concentration analytical procedure is virtually 
the same as low level water analysis except for 
concentration of the calibration, surrogate and 
internal standards. The following concentration 
levels and ranges are analyzed: 

Calibration 
Surrogates 

Internal Standards 
Matrix Spike/LCS 
Continuing Calibration 

2, 5, 20, 50, 80 ug/L 
2, 5, 20, 50, 80 ug/L 
20 in sample and ac ug/L 
20 ug/l 
20 ug/ l 
20 ug/L 

Acceptance criteria for the initial and 
continuing calibrations is based on the 
evaluation of check compounds exclusively (Table 

3). Criteria for percent RSD and difference in 
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the initial and continuing calibrations are 
described in section 6.4. System performance 
check compounds are not monitored for low 
concentration method. 

Sediment/Soil and Waste Samples 

6.9.2.1 Low Concentration method: Applicable for 
samples containing individual compounds of 
<lmgjkg. All granular/porous 
waste/sediment/soil samples can be analyzed 
using this method. 

Weigh Sg of the sample into a glass sparge tube 
and record the weight to the nearest O.lg. Add 
reagent water to a Sml luerlock type syringe and 
adjust the volume to Sml. Add Sul of internal 
standard and Sul of surrogate standard to the 
water. Connect the sparge tube with the sample 
to the purge & trap device and add the spiked 
water to the sample. Heat the sample to 40~ 
±l~ and purge the sample for ul minutes. 
Desorb the trap at 200c for 2 minutes into the 
GCMS. 

If the concentration level of any analyte 
exceeds the calibration range and is below 
lmgjkg, the sample should be analyzed by 
weighing lg of the sample. If the concentration 
level of any analyte is higher than lmg/kg, then 
the high concentration method should be used. 

6.9.2.2 High Concentration Method: The method is based 
on extracting the soil/sediment with methanol. 
Weigh 4grn of the sample into a 20ml vial using a 
top loading balance. Record the weight to the 
nearest O.lg. Using a pipet, add lO.Oml 
methanol into the vial. Close the cap and shake 
for 2 minutes. lOOul of the extract is added to 
reagent water collected in a Srnl luerlock 
syringe. 5ul each of Internal Standard and 
Surrogate are added to the syringe. Proceed 
with the analysis as outlined in the water 
sample analysis. If further dilution is needed, 
a smaller extract volume is used and the same 
procedure is repeated. 
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SOP No.: 13.2 
Page 16 of 24 

A separate method blank containing lOOul 
methanol should be analyzed prior to a high 
concentration sample analysis and should be free 
of contaminants. 

6.9.2.3 Samples extracted through Toxicity 
Characteristic Leachate Procedure by zero 
headspace extractor are analyzed by this method. 
Only those compounds designated by the TCLP 
method are accounted for. Samples are analyzed 
at 10 times dilution in order to minimize the 
effects of acetic acid on the chromatography and 
purge and trap systems. TCLP compounds are 
listed on Table 7. 

7.1 Prior to initiating on going data, it is necessary that the GC/MS 
meets BFB abundance criteria (Table 5) every twelve (12) hour 
period for the method. 

7.2 \fhen twelve (12) hours have elapsed since the initial tune, the 
GC/MS must be retuned to continue the analysis. 

7.3 If the retention time of the standard changes by more than 30 
seconds, the GC system must be inspected for malfunction. 

7.4 Surrogate recoveries must be evaluated by determining whether the 
concentrations fall inside the required recovery limits listed in 
Table 6. 

7.5 A matrix spike and spike duplicate must be performed every 20 
samples at the concentration equal to mid-level calibration 
(50ug/l). Table 2 lists the matrix spike compounds, concentration 
added, recovery limits and %RPD for soil and water matrices. TCLP 
samples are spiked with TCLP target compounds at SOug/1 
concentration (see Table 7). 

7.6 A method blank must be performed for each 12 hour time period. 

7. 6. l 

7.6.2 

A method blank for volatile analysis must contain less 
than or equal to 5 times the CRQL of methylene chloride, 
acetone, toluene and 2-butanone. 

For all other target compound list not listed above, the 
method blank may contain less than or equal to the CRQL 
of any single analyte. 
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7.7 Lab Control Spikes (LCS) are analyzed per batch or every 20 
samples whichever comes first. LCS compounds and their 
concentrations are listed on Table 8. Recovery limits listed are 
advisory. 

8.0 SAFETY 

8 .. 1 Safety glasses, laboratory coats, and latex gloves must be worn. 

8.2 Due to the toxicity or carcinogenicity of each reagent, each 
chemical compound should be treated as a potential health hazard. 

8.3 Material Safety Data Sheets (MSDS) can be found on the procurement 
bookshelves located in the administrative area. 

8.4 Standard preparation should be handled under a hood. 

9.0 REFERENCES 

9.1 Test Methods for Evaluating Solid Waste, Physical/Chemical 
Methods, SW846, 3rd Edition 
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MATRIX SPIKE COMPOUNDS 

1,1-Dich1oroethene 

Trichlorethene 

Chlorolenzene 

Toluene 

Benzene 

TABLE 2 

GONG. ACCEPTABLE RECOVERY 
ADDED WATER %RPD SOIL/SEDIMENT 

50 61-145 14 59-172 

50 71-120 14 62-137 

50 7 5-130 11 60-133 

50 76-125 13 59-139 

50 76-127 13 66-142 

SOP No. : 13. 2 
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RANGES 
%RPD 

22 

24 

21 

21 

21 
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TABLE 3 

CALIBRATION CHECK COMPOUNDS 

l 1,1-Dichloroethene 

2 Chloroform 

3 1,2-Dichloropropane 

4 Toluene 

5 Ethyl benzene 

6 Vinyl chloride 

SOPNo.: 13.2 
Page 19 of 24 
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TABLE 4 

SYSTEM PERFORMANCE CHECK COMPOUNDS 

1 Chloromethane 

2 1,1-Dichloroethane 

3 Bromoform 

4 1,1,2,2-Tetrach1oroethane 

5 Ch1orobenzene 

SOP No.: 13.2 
Page 20 of 24 
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SOP No.: 13.2 
Page 21 of 24 

TABLE 5 

BFB KEY ION ABUNDANCE CRITERIA 

Mass Ions Abundance Criteria 

50 15 to 40% of mass 95 

75 30 to 60% of mass 95 

95 base peak, 100% relative abundance 

96 5 to 9% of mass 95 

173 less than 2% of mass 174 

174 greater than 50% of mass 95 

175 5 to 9% of mass 174 

176 greater than 95% but less than 101% of mass 174 

177 5 to 9% of mass 176 
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TABLE 6 

SOP No.: 13.2 
Page 22 of 24 

SURROGATE SPIKE RECOVERY LIMITS FOR WATER AND SOIL/SEDIMENT SAMPLES 

SURROGATE COMPOUND 

4-Bromofluorbenzene 
1,2-Dich1orodthane-d4 
To1uene-d8 
1,2 - Dich1oroborzone · d2 

LOW/MEDIUM 
WATER 

86-115 
76-114 
88-110 

LOW/MEDIUM 
SOIL/SEDIMENT 

74-121 
70-121 
81-117 
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TABLE 7 

TCLP Matrix Spike Recovery 

Spike % Recovery 
Added Lower Upper 

Compound (ug/L) Limit Limit 

Vinyl Chloride 50 50 125 
1,1-Dichloroethene 50 50 125 
Chloroform 50 50 125 
1,2-Dichloroethane 50 50 125 
2-Butanone 50 50 125 
Carbon Tetrachloride 50 50 125 
Trichloroethene 50 50 125 
Benzene 50 50 125 
Tetrachloroethene 50 50 125 
Chlorobenzene 50 50 125 

SOP No. : l3. 2 
Page 23 of 24 



TABLE 8 

Lab Control Std Recovery for Soil and Water 

% Recovery 
LCS Lower Upper 

Compound Added Limit Limit 

Vinyl Chloride 50 50 125 
1,1-Dichloroethene 50 50 125 
Chloroform 50 50 125 
1,2-Dichloroethane 50 50 125 
1,1,1-Trichloroethane 50 50 125 
Carbon Tetrachloride 50 50 125 
Bromodichloromethane 50 50 125 
Trichloroethene 50 50 125 
Dibromochlorornethane 50 50 125 
Benzene 50 so 125 
Bromoform 50 50 125 

Units in ug/L or ug/Kg 

SOP No.: 13.2 
Page 24 of 24 
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SOP No. 13.34 

Title SOP for Method SW 8270B 
GC/MS Analysis of The Target Compound List and Appendix IX 
Semivolatile Organics 

1.0 SCOPE AND APPLICATION 

l.l This Standard Operating Procedure (SOP) describes the methodology 
used to determine the concentration of semivolatile organic 
compounds in extracts prepared from all types of solid waste 
matrices, soils, and water. Table 1 indicates Target Compound 
List (TCL) typically determined by this method and lists the 
method suggested detection limits for water and soil. Table 2 
lists the Appendix IX compounds which can be determined using 8270 
methodologies. 

2.0 SUMNARY OF NETHOD 

2.1 Prior co using this method, the samples should be prepared for 
chroJnatography using the appropriate sample preparation methods. 

3.0 INTERFERENCE 

3.1 GC/MS data from all 
for interferences. 
originated from the 
corrective action to 

blanks, samples, and spikes must be evaluated 
Determine if the source of interference 
preparation of the samples and initiate the 
eliminate the problem. 

3.2 Contamination caused by carryover can occur whenever high-level 
and low-level samples are sequentially analyzed. To reduce 
carryover, the sample syringe must be rinsed with solvent between 
each use. 

4. 0 APPAR.IITUS AND HATERIALS 

4.1 Gas Chromatograph/Mass Spectrometer 

Hewlett Packard 5970 MSD System equipped with an autosampler is 
utilized. The HP 5970 MSD is a complete instrument composed of two 
modules: a Controller and a main frame GCMS. 
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4.2 Columns 

SOP No. : 13. 34 
Page 2 of 21 

A 30 meter 0.25 mm ID, 1.01 meter RTX-5 (5% phenyl methyl silicon) 
Restek column is used. 

4.3 Syringe: 10 11 

5.0 GC CONDITION 

5.1 The following GC parameters are established: 

Injection port temp 280~ 

Interface temp 300~ 

Initial temp 40°C 

Initial time 4 min 

Rate at 15~ per min 

Final temp 310~ 

Final time 20 min 

Equilibrium time .5 min 

Septum purge flow on at .5 ml/min 

Septum purge flow on at .5 min 

Flow rate at about 0.7 ml/min 

Splitless flow about 50 ml/min 

Injection type ''Splitless'' 

Autosampler injection mode "Fast" 

Sample Volume 1 11. 

5.2 GC/MS CONDITION 

5.2.1 Scanning from 35 to 500 amu in less than 1 second, using 70 volt 

(nominal) electron energy in the Electron Impact Ionization mode. 

Scan delay is past solvent peak or ends in approximately 7 

minutes. 
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SOP No. : l3. 34 
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5.2.2 GCMS Tuning - to determine the system performance, 50 ng of 
decafluorotriphenylphosphine (DFTPP) is injected and the mass 
spectrum is evaluated. The following criteria must be met before 
any further analysis is performed. 

DFTPP KEY IONS AND ION ABUNDANCE CRITERIA 

5.3 CALIB~~TION 

MASS 

51 

68 
70 

127 

197 
198 
199 
365 
441 
442 
443 

ION ABUNDANCE CRITERIA 

30-604 of mass 198 

<2% of mass 69 
<2% of mass 69 

40-60% of mass 198 

<U of mass 198 
Base peak, 100% relative abundance 
5-9% of mass 198 
>1% of mas 198 
Present but less than mass 443 
>40% of mass 198 
17-23% of mass 442 

5.3.1 Upon satisfactory completion of DFTPP analysis, five levels of 
calibration standards at 20, 50, 80, 120 and 160 ng are analyzed. 
Calibration standards must contain the following internal and 
surrogate standards. Appendix IX calibration standards are also 
analyzed at 20, 50, 80, 120 and 160ng, except for those compounds 
with low instrument sensitivities. Calibration for poor 
sensitivity compounds are performed with the exclusion of the 20ng 
standard. 

5.3.1.1 Internal Standards - the following Internal Standards 
at 40lg/ml must be present in the Calibration 
Standard. 

1,4-dichlorobenzene-d4 

Naphthalene-d8 

Acenaphthane-dlo 

Phenanthrene-dlo 

Chrysene-d12 
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- Penylene-d12 

SOP No. : 13. 34 
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5.3.1.2 The following Surrogate Standards at 20, 50, 80, 120 
and 160 ng are analyzed. 

Phenol-d6 

2- Fluorophenol 

2,4,6-Tribromophenol 

nitrobenzane-ds 

2-fluorobiphenyl 

p-terphenyl-d14 

5.4 After analyzing the initial Calibration Standard the average RF 
(Response Factor) should be calculated for each compound. The 
percent relative standard deviation (% RSD) should be calculated 
for each compound. Calibration Check Compounds (CCC) must have a % 
RSD less than 30%. The relative retention times of each compound 
in each calibration run should agree within 0.06 relative time 
units. System performance check compounds must have a rninimwn RF 
of 0.05. The CCC and SPCC compounds are listed as follow: 

N-nitroso-di-n-prophylanine 
hexachlorocyclopantachiene 
2,4-dinitrophenol 
4-nitrophenol 

Acenaphthene 
1,4-Dichlorobenzene 
N-Nitroso-di-nphenylamine 
Di-n-octylphthalate 
Fluorantane 
Benzo(a)pyrane 
4-chloro-3-methylphenol 
2,4-Dichlorophenol 
2-Nitrophenol 
Phenol 
Pentachlorophenol 
2,4,6-Trichlorophenol 

5.5 Internal Standard responses and retention times in the calibration 
check, blanks and samples must be evaluated. Retention time 
variation for any internal standard must be less than 30 seconds 
from the 12 hour calibration check. Variation of the areas for 
internal standards must not vary by more than a factor of two or 
50% to +100%. 
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5.6 A continuing calibration (daily) at SOng concentration containing 
all sernivolatile analytes, including all required surrogates must 
be analyzed every 12 hours. The following criteria must be met 
before sample analysis begins: 

CCC < 30% RSD 

SPCC 2': 0.050 RF 

Internal Standard Area -50 to +100% 

Retention time for Internal Standards ± 30 seconds 

6.0 SAMPLE ANALYSIS 

6.1 Initially 0.5 ml of Acid and Base Neutral extracts are combined 
and 10 ul of 4000 ug/ml internal standard is added to each mix. 
One ul of this extract is injected into the GCMS using the same 
parameters as the calibration standard. All samples must be 
injected within a 12 hour period starting with the analysis of 
DFTPP. 

6.2 Qualitative Analysis 

6.2.1 Two criteria must be satisfied to verify compound 
identification 

6.2.1.1 

6.2.1.2 

Elution of sample component at the same GC 
relative retention time (RRT) ±0.06 units. 
Table 3 lists typical retention times for target 
analytes. 

Correspondence of the sample component and the 
standard component mass spectrum. 

All ions present in the standard mass spectrum 
at a relative intensity greater than 10% must be 
present in the sample spectrum. The relative 
intensity of these ions must agree ± 20% between 
the standard and sample spectra. 

6.2.2 Library Search 

6.2.2.1 When required, a search may be performed for the 
purpose of tentative identification. Only 
after performing a visual comparison of the 
sample spectra with the nearest library searches 
will the analyst assign a tentative 
identification. The analyst should use an 
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approach similar to the 5 step identification 
listed for method SW 8270 (pp-18), Sept 1986. 

6.3 Quantitative Analysis 

6.3.1 When a compound is identified, the quantitation of that 
compound will be based on the integrated abundance from the 
EICP of the primary characteristic ion. Quantitation is 
based on the internal standard technique. The internal 
standard nearest the retention time of that given analyte, 
shall be used. Table 3 lists the quantitation ions for 
target analytes and GC compounds. 

7.0 CALCULATIONS 

The following information should be used throughout the quantitation 
process. 

7.1 Response Factor 

RF ~ (Ax Cis) 

(AisC x ) 

Where: 

Ax Area of the characteristic ion for the compound 
being measured. 

Area of the characteristic ion for the specific 
internal standard 

Concentration of the compound being measured 
(ug/ml) 

Concentration of the specific internal standard 
(ugjml) 

7.2 % RSD and% Difference 

Standard Deviation 
X 100 % RSD 

Average RF 

% difference 
AvgRFi(initial calibration) - RFc (Continuing calibration) 

Avg RFr 
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7.3 Sample Calculation 

Water Concentration 
ug/1 

(Ax )(Is )(Vt)(Dil) 

(Ais)(RF)(V 0 )(Vi) 

(Ax) (Is) (Vt) (Dil ) 
Soil concentration -
ug/kg 

Where: 

Is Amount of internal standard 

vt Volume of total extract 

vo Initial volume 

vi Volume of extract injected 

ws Weight of sample extracted 

D Percent solids 

Oil - Dilution applied 

7.4 Low Concentration Method 

injected 

(ml) 

(G) 

SOP No. : 13. 34 
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(ng) 

This method is applicable to soil and water samples containing low 
level contaminants and minimal matrix interferences. To achieve 

lower detection limits, final volume of the sample extracts are 

brought to 0.5 ml. Concentrations of surrogate and internal 
standards should be adjusted in order to produce levels comparable 

to low level procedure. Quality control and recovery ranges 
should not be affected by final volume reduction. Low level 
quality control criteria is applicable to this modified procedure. 

8.0 QUALITY CONTROL 

8.1 Blank analysis- A method blank is analyzed with each analytical 
batch to examine the interferences and contamination from 

extraction and analysis. Concentration of the target compounds in 

the blank must be less than or equal to the PQL except for 
phthalate esters which can be 5 times the PQL. If the above 
criteria are not met, reinjection or reextraction of the blank and 

the samples is required. 
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8.2 Surrogate analysis - Surrogate standard determinations are 
performed on all samples and blanks. The following range of 
recoveries is considered to be the Q.C. limits. 

SURROGATE COMPOUND 

Nitrobenzene-ds 
2-Fluorobiphenyl 
p-Terphenyl-d14 
Phenol-d6 
2- Fluorophenol 
2,4,6-Tribromophenol 

WATER 

35-114 
43-116 
33-141 
10-94 
21-100 
10-123 

LOW/MEDIUM 
SOIL/SEDIMENT 

23-120 
30-115 
18-13 7 
24-113 
25-121 
19-122 

If recoveries of 2 surrogates in either the BN or acid fraction 
are outside the surrogate spike recovery limits, or recovery of 
any one surrogate in either the EN or Acid is below 10%, 
corrective action should be taken. First, re·inject the sample 
if no improvement is observed, reextraction should be considered. 

8.3 Matrix Spikes -A matrix spike and matrix spike duplicate are 
analyzed with each case of 20 samples. Recoveries of MS/MSD 
should be calculated and listed. The following range of 
recoveries are suggested: 

MATRIX SPIKE RECOVERY LIMITS 

AMOUNT 
ADDED SOIL/ 

FRACTION ~~TRIX SPIKE COMPOUND l.ldU WATER SEDIMENT 

BN 1,2,4-Trichlorobenzene 100 39-98 38-107 
BN Acenaphthene 100 46-118 31-137 
BN 2,4-Dinitrotoluene 100 24-96 28-89 
BN Pyrene 100 26-127 35-142 
BN N-Nitroso-Di-n-Prophylamine 100 41-116 41-126 
BN 1,4-Dichlorobenzene 100 36-97 28-104 
Acid Pentachlorophenol 200 9-103 17-104 
Acid Phenol 200 12-89 26-90 
Acid 2-Chlorophenol 200 27-132 25-102 
Acid 4-Chloro-3-Methylphenol 200 23-97 26-103 
Acid 4-Nitrophenol 200 10-80 11-114 

When TCLP samples are analyzed matrix spike must include all TCLP 
compounds at lOOug/rnl. Table 6 lists both TCLP matrix spike compounds 
and recovery ranges. 
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8.4 Lab Control Sample 

SOP No.: 13.34 
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8.4.1 A laboratory control sample is extracted and analyzed 
routinely with each extracted batch. Calculated 
concentrations are compared with the amount of spiked 
compound added. The results are used for in house Q.C. 
monitoring of both the extraction and analytical processes. 
It is not necessary to report LCS results in a CLP data 
package, however, other types of data packages may require 
submittal of the results. Tables 4 and 5 lists the spiked 
LCS compounds, concentrations added and recovery ranges for 
soil and water matrices. Table 7 lists the LCS compounds 
used for TCLP batches. The recovery ranges for TCLP LCS are 
advisory. 

8.5 Internal Standard Recoveries and Retention times - when internal 
standard recoveries (-50 to +100%) or retention time requirements, 
(0.06 RRT) are not satisfied, the sample is reinjected and 
reanalyses results are submitted if acceptable. If both analyses 
do not meet the criteria, then both results are submitted. Table 
3 lists the internal standards and the associated target surrogate 
compounds. 

8.6 All extracts must be analyzed within 40 days after completion of 
extraction. 

8.7 Dilutions are performed on samples when the concentration of 
target analytes exceeds the calibration range. Additional IS must 

be added to the diluted extract to maintain the required IS 
concentration. Surrogate recoveries (if possible) are not 
required to fall within the suggested ranges. 

9. 0 REFERENCES 

9.1 Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 
SW846, 3rd Edition 
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Target Compound List (TCL) and 
Practical Quantitation Limits (CRQL) 

Semi volatiles 

Phenol 
bis (2-Chloroethyl) ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 

CAS Number 

108-95-2 
111-44-4 

95-57-8 
541-73-1 
106-46-7 

Benzyl alcohol 
1,2-Dich1orobenzene 
2-Methylphenol 
bis (2-Chloroisopropy1) 
4-Methylpheno1 

100-51-6 
95-50-1 
95-48-7 

ether 108-60-1 
106-44-5 

N-Nitroso-di-n-dipropylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 

2,4-Dimethylpheno1 
Benzoic acid 
bis (2-Chloroethoxy) methane 
2,4-Dich1oropheno1 
1,2,4-Trichlorobenzene 

Naphthalene 
4-Ch1oroani1ine 
Hexachlorobutadiene 
4-Ch1oro-3-methy1phenol 

(para-chloro-meta-creso1) 
2-Methy1naphtha1ene 

Hexachlorocyclopentadiene 
2,4,6-Trichloropheno1 
2,4,5-Trich1orophenol 

621-64-7 
67-72-1 
98-95-3 
78-59-1 
88-75·5 

105-67-9 
65-85-0 

111-91-1 
120-83-2 
120-82-1 

91-20-3 
106-47-8 

87-68-3 

59-50-7 
91-57-6 

77-47-4 
88-06-2 
95-95-4 

Quantitation Limits 
Water Low Soil/Sediment 
ggLl, ~ 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
50 
10 
10 
10 

10 
10 
10 

10 
10 

10 
10 
50 

330 
330 
330 
330 
330 

330 
330 
330 
330 
330 

330 
330 
330 
330 
330 

330 
1600 

330 
330 
330 

330 
330 
330 

330 
330 

330 
330 

1600 
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TABLE l (Cont) 

Target Compound List (TCL) and 
Practical Quantitation Limits (CRQL) 

Quantitation 
Water Low 

Semi volatiles CAS Number !lZL1 

2-Chloronaphthalene 91-58-7 10 
2-Nitroaniline 88-74-4 50 

Dimethylphthalate 131-11-3 10 
Acenaphthylene 208-96-8 10 
2,6-Dinitrotoluene 606-20-2 10 
3-Nitroaniline 99-09-2 50 
Acenaphthene 83-32-9 10 
2,4-Dinitrophenol 51-28-5 50 
4-Nitrophenol 100-02-7 50 
Dibenzofuran 132-64-9 10 
2,4-Dinitrotoluene 121-14-2 10 
Diethylphthalate 84-66-2 10 

4-Chlorophenyl-phenyl ether 7005-72-3 10 
Fluorene 86-73-7 10 
4-Nitroaniline 100-01-6 50 
4,6-Dinitro-2-methylphenol 534-52-l 50 
N-nitrosodiphenylamine 86-30-6 10 

4-Bromophenyl-phenylether 101-55-3 10 
Hexachlorobenze 118-74-l 10 
Pentachlorophenol 87-86-5 50 
Phenanthrene 85-0l-8 10 
Anthracene 120-12-7 10 

Di-n-butylphthalate 84-74-2 10 
Fluoranthene 206-44-0 10 
Pyrene 129-00-0 10 
Butylbenzylphthalate 85-68-7 10 
3,3'-Dichlorobenzidine 91-94-l 20 

SOP No.: 13.34 
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Limits 
Soil/Sediment 

ug/Kg 

330 
1600 

330 
330 
330 

1600 
330 

1600 
1600 

330 
330 
330 

330 
330 

1600 
1600 

330 

330 
330 

1600 
330 
330 

330 
330 
330 
330 
660 
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TABLE 1 (Cant) 

Target Compound List (TCL) and 
Practical Quantitation Limits (CRQL) 

SOP No. : 13. 34 
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Quantitation Limits 

Semi volatiles 

Benzo(a)anthracene 
Chrysene 
bis (2-Ethylhexyl) phthalate 
Di-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno (1,2,3-cd) pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)pery1ene 

CAS Number 

56-55-3 
218-01-9 
117-81-7 
117-84-0 
205-99-2 
207-08-9 

50-32-8 
193-39-5 

53-70-3 
191-24-2 

Water 

.!!U.1 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Low Soil/Sediment 
ug/Kg 

330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
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TABLE 2 
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Appendix IX Compounds 

1. Acetophenone 42. Pronamide 
2. 2-Acetylaminofluorene 43. Pyridine 
3. 4-Affiinobiphenyl 44. Safrole 
4. Aniline 45. 1,2,4,5-Tetrachlorobenzene 
5. Chlorobenzilate 46. 2,3,4,6-Tetrachlorophenol 
6. 4-Chlorophenyl phenyl ether 47. Thionazin 
7. m-Cresol 48. a-Toluidine 
8. Dimethoate 49. 0,0,0-Triethylphophorothioate 
9. 4-Dimethylarninoazobenzene 50. sym-Trinitrobenzene 

10. 7,12-Dimethylbenz(a)anthracene 51. Methyl methacrylate 
11. 3,3'-Dimethylbenzidine 52. Ethyl methacrylate 
12. a,a-Dimethylphenethylamine 53. Ethyl methane sulfonate 
13. 1,3-Dinitrobenzene 54. o-Anisidine 
14. Diphenylamine 55. p-Cresidine 
15. 1,4-Dioxane 56. 5-Chloro-2-methylaniline 
16. Famphur 57. Phthalic anlydride 
17. Hexachloropropene 58. 2,4-Diaminotoluene 
18. Isodrin 59. 1-Chloronaphthalene 
19. Isosafrole(cis) 60. Diallate 
20. Kepone 61. Disulfoton 
21. Methapyrilene hydrochloride 62. Methylparathion 
22. 3-Methy1cho1anthrene 63. Ethylparathion 
23. Methyl methane sulfonate 64. 4-Arninoazobenzene 
24. 1,4-Naphthoquinone 65. 4,4-0xydianiline 
25. 1-Naphthy1amine 66. 3,3-Dimethoxybenzidine 
26. 2-Naphthylamine 67. Tetraethyldithiopyrophosphate 
27. 4-Nitroquinoline-1-oxide 
28. N-Nitrosodi-n-butylamine 
29. N-Nitrosodiethylamine 
30. N-Nitrosodimethylamine 
31. N-Nitrosomethylethylamine 
32. N-Nitrosomorpholine 
33. N-Nitrosopiperidine 
34. N-Nitrosopyrrolidine 
35. 5-Nitro-o-toluidine 
36. Pentachlorobenzene 
37. Pentachloronitrobenzene 
38. Phenacetin 
39. 1,4-Phenylenediamine 
40. Phorate 
41. 2-Picoline 



~ 
Gl ENVIRONMENTAL SERVICES 

Table 3 

Retention 
Compound Name Time 

1) *1,4-Dich1orobenzene-d4 10.48 
2) Pyridine 5.70 
3) N-nitrosodimethylarnine 5.66 
4) 2-F1uoropheno1 8.32 
5) Phenol-d5 9.87 
6) Phenol 9.89 
7) bis(2-Chloroethyl)ether 9.95 
8) 2-Chlorophenol 10.17 
9) 1,3-Dich1orobenzene 10.42 

10) 1,4-Dich1orobenzene 10.50 
11) Benzyl alcohol 10.70 
12) 1,2-Dichlorobenzene 10.82 
13) 2-Methylphenol 10.91 
14) bis(2-Chloroisopropyl)ether 10.97 
15) 4-Methylphenol + 3-Methylphenol 11.15 
16) N-Nitroso-di-n-propylarnine 11.21 
17) Hexachloroethane 11.37 
18) *Naphthalene-dB 12.72 
19) Nitrobenzene-d5 11.46 
20) Nitrobenzene 11.50 
21) Isophorone 11.90 
22) 2-Nitrophenol 12.05 
23) 2,4-Dimethylphenol 12.07 
24) Benzoic acid 12.27 
2 5) bis(2-Chloroethoxy)methane 12.23 
26) 2,4-Dichlorophenol 12.47 
27) 1,2,4-Trichlorobenzene 12.64 
28) Naphthalene 12.76 
2 9) 4-Chloroaniline 12.84 
30) Hexachlorobutadiene 13.04 
31) 4-Chloro-3-methylphenol l3. 65 
32) 2-Methylnaphthalene l3. 98 
3 3) *Acenaphthene-d10 15.90 
34) Hexachlorocyclopentadiene 14.37 
35) 2,4,6-Trichlorophenol 14.49 
36) 2,4,5-Trichlorophenol 14.57 
37) 2-Chloronaphthalene 14.86 
38) 2-F1uorobiphenyl 14.63 
39) 2-Nitroaniline 15.04 
40) Dirnethy1phtha1ate 15.37 
41) Acenaphthy1ene 15.61 
42) 2,6-Dinitrotoluene 15.51 
43) 3-Nitroaniline 15.04 

SOP No. : 13. 34 
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Quant 
Ion 

152.0 
79.0 
74.0 

112.0 
99.0 
94.0 
93.0 

128.0 
146.0 
146.0 
108.0 
146.0 
108.0 
45.0 

108.0 
70.0 

117.0 
136.0 

82.0 
77.0 
82.0 

139.0 
122.0 
105.0 

93.0 
162.0 
180.0 
128.0 
127.0 
224.8 
107.0 
142.0 
164.0 
236.8 
196.0 
196.0 
162.0 
172.0 
138.0 
163.0 
152.0 
165.0 
138.0 
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Table 3 (Cont) 

Retention 

Compound Name Time 

44) Acenaphthene 15.96 
45) 2,4-Dinitrophenol 15.96 
46) 4-Nitrophenol 16.00 
47) Dibenzofuran 16.22 
48) 2,4-Dinitrotoluene 16.22 
49) Diethylphthalate 16.61 
50) 4-Chlorophenyl-phenylether 16.79 
51) Fluorene 16.85 
52) 4-Nitroaniline 16.87 
53) 2,4,6-Tribrornophenol 17.30 
54) *Phenanthrene-dlO 18.53 
55) 4,6-Dinitro-2-rnethy1phenol 16.96 
56) N-Nitrosodiphenylarnine 17.00 
57) 1,2-Dipheny1hydrazine 17.08 
58) 4-Brornopheny1-pheny1ether 17.65 
59) Hexachlorobenzene l7. 97 
60) Pentachlorophenol 18.26 
61) Benzidine 18.34 
62) Phenanthrene 18.57 
63) Anthracene 18.65 
64) Carbazole 18.89 
65) Di-n-butylphtha1ate 19.46 
66) Fluoranthene 20.72 
67) *Chrysene-dl2 23.48 
68) Pyrene 21.15 
69) Terphenyl-dl4 21.32 
70) Butylbenzy1phtha1ate 22.15 
71) 3,3'-Dichlorobenzidine 23.27 
72) Benzo(a)anthracene 23.44 
73) Chrysene 23.54 
74) Bis(2-Ethylhexyl)phthalate 23.25 
7 5) *Perylene-dl2 27.94 
76) Di-n-octy1phthalate 24.76 
77) Benzo(b)fluoranthene 26.51 
78) Benzo(k)fluoranthene 26.60 
7 9) Benzo(a)pyrene 27.74 
80) Indeno(l,2,3-cd)pyrene 33.26 
81) Dibenz(a,h)anthracene 33.28 
82) Benzo(g,h,i)perylene 34.87 

*Compound is Internal Standard. Compound listed 
is quantified against that Internal Standard. 

under each 

SOP No. : 13. 34 
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Quant 
Ion 

153.0 
184.0 
109.0 
168.0 
165.0 
149.0 
204.0 
166.0 
138.0 
329.6 
188.0 
198.0 
169.0 

77.0 
248.0 
283.8 
265.8 
184.0 
178.0 
178.0 
167.0 
149.0 
202.0 
240.0 
202.0 
244.0 
149.0 
252.0 
228.0 
228.0 
149.0 
264.0 
149.0 
252.0 
252.0 
252.0 
276.0 
278.0 
276.0 

Internal Standard 
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Table 4 

Lab Control Spike for Water 

Compound 

1,2,4-Trichlorobenzene 
Acenaphthene 
2,4-Dintrotoluene 
Pyrene 
N-Nitroso-Di-n-Propy1amine 
1,4-Dichlorobenzene 
Pentachlorophenol 
Phenol 
2-Ch1orophenol 
4-Ch1oro-3-Methylphenol 
4-Nitrophenol 

LQL Lower QC Limit 
UQL Upper QC Limit 

Amount 
Added 

(ug) 

100 
100 
100 
100 
100 
100 
200 
200 
200 
200 
200 

1Q1 

55 
63 
63 
61 
61 
55 
52 
49 
55 
52 
48 

SOP No.: 13.34 
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UQL 

112 
101 
112 
125 
102 
101 
144 
105 

95 
120 
140 
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Compound 

1,2,4-Trichlorobenzene 
Acenaphthene 
2,4-Dintrotoluene 
Pyrene 
N-Nitroso-Di-n-Propylarnine 
1,4-Dichlorobenzene 
Pentachlorophenol 
Phenol 
2,Chlorophenol 
4-Chloro-3-Methylphenol 
4-Nitrophenol 

LQL Lower QC Limit 
UQL Upper QC Limit 
(D) Detected 

Table 5 

Lab Control Spike for Soil 

Amount 
Added 

(ugl 

100 
100 
100 
100 
100 
100 
200 
200 
200 
200 
200 

19 
27 
21 
21 
11 
(D) 

6 
20 

8 
28 

8 

SOP No. : 13. 34 
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100 
96 

118 
117 
121 
109 
155 

81 
92 
96 

143 
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TCLP 

Compound 

Pyridine 
1,4-Dichlorobenzene 
2-Methylphenol 
3 & 4-Methylphenol 
Hexachloroethane 
Nitrobenzene 
Hexachlorobutadiene 
2,4,6-Trichloropheno1 
2,4,5-Trich1oropheno1 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Pentachlorophenol 

Table 6 

Matrix Spike 

Amount 
Added 
(ug/L) 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

SOP No. : 13. 34 
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Recovery 
Ranges. % 

25 125 
25 125 
25 125 
25 125 
25 125 
25 125 
25 125 
25 125 
25 125 
25 125 
25 125 
25 125 
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TCLP 

Compound 

Pyridine 
1,4-Dichlorobenzene 
2-Methy1pheno1 
3 & 4-Methy1phenol 
Hexachloroethane 
Nitrobenzene 
Hexachlorobutadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2,4~Dinitrotoluene 

Hexachlorobenzene 
Pentachlorophenol 

Table 7 

Lab Control 

Amount 
Added 
(ug/Ll 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Spike 

SOP No. : 13. 34 
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Recovery 
Ranges. % 

40 115 
40 115 
40 115 
40 115 
40 115 
40 115 
40 ll5 
40 115 
40 115 
40 115 
40 115 
40 115 
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SEMIVOLATILE ORGANIC CO~POUNDS BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY 
(GC/MS) CAPILLARY COLUMN TECHNIQUE 

7.1 Prepare eample 
ueing Method 3640, 

3641, or 3660. 

Soiltsedlment 

( Start 

7.1 Typo of 
eample7 

Waete 

' 

Water 

7.1 Prepare aemple 
ueing Method 3640, 

3541, 3660,or3680. 

7.2 Cleanup 
extract. 

7.3 Sot GC/MS 
operating conditione; 

perform initial 
calibration. 

7.4 Perform doily 
calibration witl'l SPCCe 
·. and CCCe prior to 

enelyeie of eamplu. 

7.1 Prepare umpla 
ueing Method 31510 

or 3620. 
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7 .5.4 Dilute 
Extract. 

y., 

METHOD 8270B 
(Continued) 

~ !"___..~/ 

7. 6.1 Screen ext:ract 
on GC!FIO or GC/PIO to 
eliminate aamplee that 
are too concentrated. 

7.5.3 Analyze extract 
by GC/MS, ueing 

appropriate fuaed-eilica 
capillary column. 

' 
7.5.4 

Ooa1 reeponee 
exceed Initial 

calibration 
curve? 

No 

• 
7.6.1 Identify 

analyte by comparing 
the sample and etandard 

maee apectra. 

7 .6.2 Calculate 
coneentration of each 

individual analyta; 
report reeulte. 

( ·, Stop 
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SOP No_ : 13.0 

Title: SOP for Method 8080A 
Organochlorine Pesticides, PCBs and PCTs 

1.0 SCOPE AND APPLICATION 

1.1 Method 8080A is used to determine the concentration of various 
organochlorine pesticides, polychlorinated biphenyls (PCBs) and 
polychlorinated terphenyls (PCTs) in various matrices such as 
aqueous, solids, oils, products and wipes. Table 1 indicates 
compounds that may be determined by this method. The retention 
times for the pesticide compounds are also listed in Table l. 

Target Compounds 

a1pha-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
beta-BHC 
delta-BHC 
Heptachlor Epoxide 
Endosulfan 1 
4,4'-DDE 
Dieldrin 
Endrin 
Endosulfan II 
4,4'-DDD 
4 ,4' -DDT 
Endrin Aldehyde 
Endosulfan Sulfate 
Methoxychlor 
Endrin Ketone 

TABLE 1 

Retention Time Table 

Primary 
Column 

5.90 
6.88 
9.81 

11.79 
6.72 
7.76 

14.85 
17.08 
18.60 
18.43 
19.57 
20.18 
21. OS 
23.70 
21.42 
23.11 
29.30 
26.96 

Confirmation 
Column 

8. 77 
11.00 
12.22 
14.15 
17.09 
18.05 
18.59 
19.99 
21.86 
22.41 
23.93 
28.73 
28.95 
29.86 
31.04 
32.30 
32.41 
33.36 
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SOP No. : l3. 0 
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Rtx-5 Rtx-1701 

Aroclor 1016 1. 6.52 1. 8.19 
2. 8.76 2. 10.15 
3. 10.08 3. 11.64 
4. 10.63 4. 13.11 
5. 12.15 5. 14.20 

Aroclor 1260 1. 24.22 1. 25.24 
2. 27.05 2. 27.42 
3. 29.17 3. 30.07 
4. 30.67 4. 31.61 
5. 31.77 5. 32.57 

Aroclor 1221 1. 5.66 1. 6.82 
2. 5.94 2. 7.42 
3. 6.11 3. 7.64 

Aroclor 1232 1. 6.08 1. 7.64 
2. 8.21 2. 9.50 
3. 9.45 3. 12.27 
4. 9.98 4. 16.74 
5. 17.06 5. 17.28 

Aroclor 1242 1. 6.07 1. 7.60 
2. 8.19 2. 9.45 
3. 9.43 3. 12.21 
4. 9.95 4. 13.24 
5. 17.04 5. 16.69 

Aroc1or 1248 1. 9.13 1. 9.13 
2. 12.41 2. 11.78 
3. 15.47 3. 16.31 
4. 15. 7l 4. 16.88 
5. 19.00 5. 22.48 

Aroclor 1254 1. 16.15 1. 18.91 
2. 17.48 2. 19.96 
3. 18.83 3. 23.03 
4. 19.37 4. 25.01 
5. 24.65 5. 29.46 

Aroclor 5432 1. l3. 57 1. 16.00 
2. 14.75 2. 16.22 
3. 15.09 3. 17.64 
4. 16.15 4. 19.02 
5. 16.81 5. 19.37 



Aroclor 5460 

Chlordane 

Toxaphene 

Dibutylchlorendate (Sur) 
Decachlorobiphenyl (Sur) 

Rtx- 5 

l. 
2. 
3. 
4. 
5. 

l. 
2. 
3. 
4. 
5. 

l. 
2. 
3. 
4. 
5. 

21.77 
22.67 
23.21 
23.31 
24.33 

9.27 
10.24 
14.87 
17.32 
21.57 

20.16 
22.53 
24.30 
25.01 
27.52 

30.86 
36.54 

SOP No. : 13.0 
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Rtx-1701 

l. 24.75 
2. 25.12 
3. 27.05 
4. 27.32 
5. 27. 7l 

l. ll. 75 
2. 12.82 
3. 20.29 
4. 21.14 
5. 23.30 

l. 29.80 
2. 31.00 
3. 31.38 
4. 32.08 
5. 32.34 

32.69 
38.30 

Additional compounds may be determined by this method. These compounds are 
suggested by Nethod 8081 and/or listed under Appendix IX compound list. Table 
2 indicates compounds that can be analyzed by this method. 

Compound Name 

Chlorobenzilate 
DBCP 
Diallate 
Isodrin 
Kepone 
Alachlor 
Chorothalonil 
DCPA 
Mirex 
Propachlor 
Trans·Nonachlor 
Trifluralin 

Table 2 

CAS Registry No. 

510-15-6 
96-12-8 

2303-16-4 
465-73-6 
143-50-0 

15972-60-8 
1897-45-6 
1861-32-1 
2385-85-5 
1918-16-17 

39765-80-5 
1582-09-8 
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2.1 Method 8080A provides gas chromatographic conditions for the 
detection of ppb levels of certain organochlorine pesticides, 

polychlorinated biphenyls and terphenyls. Prior to the use of 
this method, appropriate sample extraction techniques must be 
used. 

3.0 INTERFERENCES 

3.1 Interferences by pthalate esters can pose a major problem in 
pesticide determinations when using the electron capture detector. 
These compounds generally appear in the chromatogram as large
eluting peaks, especially in the 15% and 50% fraction from 
cleanups. Interferences from pthalates can best be minimized by 
avoiding contact with any plastic materials. 

4.0 APPARATUS AND MATERIALS 

4.1 Gas Chromatograph 

Hewlett Packard GC Systems 5890 equipped with autosampler is used. 
Nelson or HP EnviroQuant software systems for data recording and 
processing is interfaced with the GC system. 

4.2 Columns 

4.2.1 Dual column connected with a ''Y'' connector to a single 
injection port is used. In this mode, material injected is 
split between the columns and detected by 2 separate ECD 
detectors. 

4.2.2 Column l: 30 meter, 0.53 I.D., 0.5 micron film thickness, 
Restek RTX-1701, fused silica column is used. 

4.2.3 Column 2: 30 meter, 0.53 I.D., 0.5 micron film 
thickness, Restek RTX-5, fused silica column is used. 

4.2.4 5 meter guard colwnn (inert) is used at the uyu connector. 

4.3 GC Condition 

4.3.1 The following GC parameters are implemented when 
Pest/PCBs are analyzed: 

Injection port temperature 265°C 
Detectors temperature 300°C 
A tri-ramp temperature program is used 
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lst Ramp: 
Initial temperature 
Initial time 
Rate 
Final temperature 
Final time 
2nd Ramp: 
Initial temperature 
Rate 
Final temperature 
Final time 

3rd Ramp: 
Initial temperature 
Rate 
Final temperature 
Final time 

150°G 
0.5 min 
goG /min 
180oG 

10 min 

1gooG 
goG /min 
nooG 
10 min 

2lOoC 
15° /min 
270oC 
8 min 

Equilibrium time 0.75 min 

SOPNo.: 13.0 
Page 5 of 1g 

Septum purge on at 0.75 min at about 2ml/min 
Attenuation 0 
Signal rages 0 
Splitless purge 50ml/min 
Makeup gas goml/min 

4.3.2 The following GC parameters are implemented when PCTs are 
analyzed: 

4.4 Gases 

Injector Temp 
Detector Temp 
Initial Temp 
Initial Time 
Ramp Rate 
Final Temp 
Final Time 

zsooc 
300°c 
150°c 
0.5 min. 
6° /min. 
275oc 
15 min. 

The Electronic Pressure Controller should be programmed as 
follows: 

Initial Pressure Time 20min. 
Initial Pressure g PSI 
Rate 99 PSI 
Final Pressure 25 PSI 
Final Time 13m in. 

4.4.1 Helium ultrapure grade is used as a gas carrier at about 5ml 
per min at 50°rneasured at the column end. 
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4.4.2 Make up gas is Argon/Methane (5% methane) and the flow rate 
is about 80 ± Sml per min for each detector. 

5.0 CALIBRATION 

5.1 Calibration standards are prepared at five concentration levels 
through dilution of the stock standards with hexane (refer to 
standard logbook). Five ul of each level is injected. 
Concentrations of the compounds are listed on Table 3. 
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TABLE 3 

Level 1 Level 2 Level 3 Level 4 Level 5 
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) 

4,4' -DDD 10 25 50 75 100 
4,4'-DDE 10 25 50 75 100 
4, 4'- DDT 10 25 50 75 100 
Aldrin 10 25 50 75 100 
alpha-BHC 10 25 50 75 100 
beta-BHC 10 25 50 75 100 
Chlordane 100 250 500 1000 2000 
Decachlorobiphenyl (PCB Surr) 25 62.5 12S 187.S 2SO 
delta-BHC 10 2S so 7S 100 
Dibutylchlorendate (Surrogate) 10 2S so 75 100 
Dieldrin 10 25 50 75 100 
Endosulfan I 10 25 50 75 100 
Endosulfan II 10 25 50 75 100 
Endosulfan Sulfate 10 25 50 75 100 
Endrin 10 25 so 75 100 
Endrin aldehyde 10 25 50 75 100 
Endrin ketone 10 25 50 75 100 
gamma-BHC (Lindane) 10 25 50 75 100 
Heptachlor 10 25 50 7S 100 
Heptachlor epoxide 10 25 so 75 100 
Methoxychlor 10 25 so 75 100 
Toxaphene 100 2SO 500 1000 2000 
AR1016 100 2SO 500 75 1000 
AR122l 100 250 500 7 50 1000 
ARl232 100 2SO 500 7SO 1000 
ARl242 100 250 500 750 1000 
AR1248 100 250 500 750 1000 
AR12S4 100 250 soo 750 1000 
ARl260 200 500 1000 1500 2000 
AR5432 250 500 1000 2000 4000 
ARS460 250 500 1000 2000 4000 
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5.2 Surrogate standard Decachlorobiphenyl is used in PCB analyses. 
It is calibrated at levels indicated on Table 3. 

6.0 GC ANALYSIS 

6.1 Retention time windows 

6.1.1 Make 3 injections of all single component standard mixtures 
and multipeaks throughout the course of a 72-hour period. 
Calculate standard deviation of the three absolute 
retention times for each single component standard. For 

multiresponse products, choose one major peak from the 
cluster and calculate the standard deviation of the three 

retention times for that peak. 

6.1.1.1 Plus or minus three times the standard deviation of 
the absolute retention times for each standard will 
be used to define retention time window. For 

multipeak products, primarily combination of 
chromatography pattern and retention times are used. 

6 .l.l. 2 In those cases where the standard deviation for a 
particular standard is zero, substitute the standard 
deviation of a close eluting, similar compound to 
develop a valid retention time window. 

6.1.1.3When a new GC column is installed retention time 
window must be established. Typical retention times 
for 8080A target analytes under the parameters 
listed in Section 6.2 is provided on Table 1. 

6. 2 Degradation of DDT and Endrin 

6.2.1 Check for degradation problems by injecting a mid-level 
standard containing only 4,4'-DDT and endrin. Look for the 
degradation products of 4,4'-DDT (4,4'-DDE and 4,4' -DOD) 
and endrin (endrin ketone and endrin aldehyde). 
Degradation muse be less than 20% before any sample 
analyzed. 

% 8 reak.down = ~TC:o'it':'aT-l-;Dc;D,;,l-;d;::e~gr.r:::ad::Oa'it-:-i ::;on""'pe'Ca"'k~aicree'a'::-'(~DD;;;E;-;-c+_D,_,D,_,D")_Xo.._1c:D.::D _____ _ 
for Endrin Total DOT peak area (DOT + ODE + 000) 

% Breakdown = 
for Endrin 

Total Endrin degradation peak area (endrin aldehyde+endrin ketone) x 100 
Total Endr in peak area C endr i n+endr in ketone+endr in aldehyde) 
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6.3 Calibration 
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6.3.1 Five level calibration is initially analyzed. Percent RSD 
(relative standard deviation) must be below 20% for all 
standards except surrogates and any 2 analytes which have % 
RSDs more than 20 but less than 30 percent. Same procedure 
must be applied for multiple peak compounds such as 
Toxaphene, PCBs and PCTs. 

6.3.2 Continuing calibration is analyzed at the beginning of each 
shift. Percent difference should be kept at less than 15% 
for all compounds except for surrogates and any two 
analytes which have % RSDs more than 15 but less than 25 
percent. A continuing (mid-level) calibration standard 
must also be injected between every 10 injections of 
samples and/or QC and at the end of every 12 hours 
whichever is more frequent. 

6.3.3 Calibration sequence consists of initial or continuing 
pesticide injections followed by mid-level ARl660 (combined 
AR1016 and AR1260), mid-level Toxaphene and Chlordane. 
Other Aroclors are injected at mid-level initially. 
Reinjection of all Aroclors is necessary when retention 
ti1ne and/or sensitivity shifts are experienced. Experience 
of the chromatographer is an influential factor in 
determination of instrument drift and the necessity of 
injecting the entire Aroclor standards. Mid-sequence and 
closing standards include mid-level pesticide standard. 
Mid-sequence and closing multiple peak standard compounds 
are injected only when these analytes are exclusively 
required. 

6.4 Sample Analysis 

6.4.1 When all degradation and calibration requirements are met 
sample analysis may begin. After each batch of 10 runs 
degradation and linearity should be checked before any more 
samples analyzed. 

6.4.2 Dilution must be made if the response exceed the linear 
range of the compounds. 

6.4.3 Peak identification is based on detection on both columns. 
A daily retention time window is established for each 
analyte from section 5.1 as the midpoint of the window for 
that day. The daily retention time window equals the 
midpoint ± 3 times the standard deviation determined in 
section 5.1. 
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6.4.4 GCMS Confirmation is implemented if the concentration 
permits. 

6.4.5 Wipe samples are treated like a solid sample and results 
are reported as ug per wipe. All QC parameters used for 
soil samples are applicable to wipes except for MS/MSD 
analysis. An actual MS/MSO analysis is impractical since 
only one wipe is sampled at a location and it can not be 
spli tted. 

6. 5 PCBs 

Initially 5 levels of standards for each Aroclor are analyzed and 
calibration curves are established. When PCBs analysis is 
required, a continuing calibration is analyzed for Ar-1660. If 
PCBs are detected in the sample, patterns are compared with 
initial standards and corresponding PCBs are analyzed for 
fingerprint match and retention time comparison. Calculation is 

based on average area or peak height quantification of 5 
representative peaks. When interferences are present, those 

peaks with less interferences may be chosen for quantification. 
Also fewer peaks (minimum of 3) may be used for quantification if 
there are considerable interferences. Surrogate 
Decachlorobiphenyl (DCB) is used when only PCB analysis is 
required. DCB peak elutes past all PCB isomers and does not 
break down with acid cleanup. 

6.6 PCTs 

Initially 5 levels of standards containing only AR5432 and AR5460 
are analyzed and calibration curves for each target analyte is 

established. Mid-level continuing calibrations are analyzed 

during the sequence run when PCTs are required. If PCTs are 
detected in the sample, patterns and retention times are compared 

with the calibration standard. Calculation is based on average 

area or peak height of 5 representative peaks. When 
interferences are present, those peaks with less interferences 

may be chosen for quantification. Also fewer peaks (minimum of 

3) may be used for quantification if there are considerable 
interferences. Surrogate Decachlorobiphenyl (DCB) is used for 
quality control monitoring. Acid clean up can be performed if 
matrix effects are observed. 

6.7 Toxaphene and Chlordane 

Approach similar to 6.5 
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6.8 Low Concentration Method 

This method is applicable to soil and water samples containing 
low level contaiminants with minimal matrix interferences. To 
achieve low detection limits, the final volumes of sample 
extracts are brought to 2.0 ml. Concentrations of surrogate adn 
matrix spike standards should be adjusted before extraction in 
order to produce levels comparable to low level procedure. 
Quality control and recovery ranges are not expected to be 
affected by final volume reduction and low level quality control 
criteria should be applicable to this modified method. 

6.9 Calculation 

6.9.1 All quantifications are based on external standard 
calculations. 

6.9.1.1Calculation for calibration factor 

C a l i bra t i on fact or = ---..-:':' o":t'-'a;':l :-'Ao;r_,e-,a,..:oi"f7"P,-e a'"k"*==-=-· 
Mass injected (nanograms) 

* for multipeak analytes use total areas of all 
designated peaks for quantitation 

6. 9. 1. 2 Percent Difference 

Percent difference - Rl,....::_]Sz X 100 
Rl 

R1- Calibration factor from first analysis 
Rz - Calibration factor from succeeding analyses 

6.9.1.3The concentration of each analyte in the sample may 
be determined by calculating the amount of standard 
injected from the peak response, using the 
calibration curve or factor determined from 6.7.1.1. 

where: 

Aqueous Concentration ( ug/L) ((A,) (A )(Vt )(D)) I [(As){ Vi )( Vs) J 

Sol i d Concentration ( ug/kg) [(A\ )(0 )(A )(V
1 
)) I ((As) ('Ws )(Vi) l 

Ax- Response for the analyte in the sample, (area or 
peak height 

A -Amount of standard injected in ng 
As =Response for the external standard 
Vi -Volume of extract injected 
D -Dilution factor, if any 
Vt -Volume of total extract 
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Vs -Volume of sample extracted 
Ws Weight of sample extracted 
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For non-aqueous samples, the unit is lg/kg and dry 
weight of sample is used for Ws. 

7.0 QUALITY CONTROL 

7.1 Required Instrument QC 

7.1.1 It is required that the% RSD vary by <20% when 5 point 
calibration factors are compared. Surrogates and 2 
analytes may have RSDs above 20 but less than 30 percent. 

7.1.2 It is required that difference of daily response of a given 
analyte vary± 15% when compared to initial responses. 
Surrogates and 2 analytes may have percent difference above 
15 but less than 25. 

7.1.3 All succeeding standards in an analysis sequence must fall 
within daily retention time window established by the first 
standard of the sequence. 

7.2 Matrix Spikes 

7.2.1 For each analytical batch of up to 20 samples MS and MSD 
must be analyzed. If less than twenty samples are analyzed 
per month, MS/MSD must be analyzed on per month basis. 
Percent recoveries and Relative Percent Difference (RPD) 
should be calculated as follows: 

Matrix Spike % - SSR-SR X 100 
Recovery SA 

where: 

SSR Spike Sample Results 
SR Sample Results 
SA Spike Added from Spiking Mix 

RPD Dl - D2 X 100 
(Dl + D2)/2 

Dl First Sample Value 
D2 Second Sample Value 
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Tables 4 and 5 lists the matrix compounds, amounts added and 
recovery ranges for soil and water matrices. If samples are 
analyzed for PCBs only, then matrix spikes must be analyzed for 
AR1016 and AR1260. Concentrations of these Aroclors are listed 
on Tables 4 and 5. 

7.3 Lab Control Sample (LCS) 

7.3.1 A control check sample is extracted and analyzed at 
frequency similar to MS/MSD with each extracted batch. 
Calculated concentrations are compared with the amount 
added and results are used to monitor of extraction and 
analytical process. When PCB analysis is needed the blank 
spike should be spiked with AR1016 and 1260 at the same 
levels as matrix spikes. 

Table 7 lists the LCS compounds used for soil and water matrices 
and their associated recovery ranges. 

7. 4 Blanks 

7.4.1 Blank is extracted and analyzed with each analytical batch. 
Blanks must be contaminant free. Concentration of any 
confirmed peak should be less than CRQL. Gross 
contaminations must be investigated if they interfere with 
analyte peaks. 

7. 5 Surrogates 

8.0 SAFETY 

7.5.1 Percent recoveries for the surrogates are periodically 
(minimum of once a year) determined by plotting percent 
recoveries of surrogates measured in 20 consecutive blanks. 
Control limits for each surrogate compound is measured 
using the following formula: 

Upper Control Limit (UCL) 
Lower Control Limit (LCL) 

p + 3s 
p 3s 

where p is the mean recovery and s is the standard deviation. 
Table 6 lists the recoveries of surrogates for different 
matrices. 

8.1 Safety glasses for eye protection, laboratory coasts for body 
protection, latex gloves for hand protection. 

8.2 Due to the toxicity or carcinogenicity of each reagent, each 
chemical compound should be treated as a potential health hazard. 
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8.3 Material Safety Data Sheets (MSDS) can be found 
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on the procurement bookshelves located in the company library. 

8.4 Preparation of the standard should be handled under a hood. 

9.0 REFERENCES 

9.1 Test Methods for Evaluating Solid Waste, Physical/Chemical 
Methods, SW-846, 3rd Edition 
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Table 4 
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Aqueous Pesticide Matrix Spike/Matrix Spike Duplicate Recovery 

Spike 
Added QC Limits 

Compound (ug/Ll RPD REG. 

gamrna-BHC (Lindane) 0.20 15 56-123 
Heptachlor 0.20 20 40-131 
Aldrin 0.20 22 40-120 
Dieldrin 0.50 18 52-126 
Endrin 0.50 21 56-121 
4,4' -DDT 0.50 27 38-127 
AR1016 5.0 30 20-125 
AR1260 10 30 20-125 
AR5460 20 30 20-125 
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Table 5 
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Non-Aqueous Pesticide Matrix Spike/Matrix Spike Duplicate Recovery 

Spike 
Added QG Limits 

Compound (ug/kgl RPD REG. 

gamma-BHG (Lindane) 6.7 50 46-127 
Heptachlor 6.7 31 35-130 
Aldrin 6.7 43 34-132 
Dieldrin 16.7 38 31-134 
Endrin 16.7 45 42-139 
4, 4' -DDT 16.7 50 23-134 

Spike 
Added QG Limits 

PGBs l.!dgl_ RPD REG 

AR1016 5.0 50 20-125 
AR1260 10.0 50 20-125 
AR5460 20.0 50 20-125 
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Table 6 

SOP No. : 13. 0 
Page 17 of 18 

Surrogate Recovery For Soil and Water 

Amount 
Added Water Soil 

Surrogate Compound (ug) % Recoveries % Recoveries 

Dibutylchlorendate (DBC) l.O 24 154 24 150 
Decachlorobiphenyl (DCB) 2.5 30 150 30 150 
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Table 7 

Water and Soil Lab Control Spike 

Compound 

gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Dieldrin 
Endrin 
4,4' -DDT 
AR1016 
AR1260 
AR5460 

Compound 

gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Dieldrin 
Endrin 
4,4' -DDT 

PCBs 

AR1016 
AR1260 
AR5460 

Spike 
Added 
(ug/L) 

0.20 
0.20 
0.20 
0.50 
0.50 
0.50 
5.0 

10.0 
20.0 

Spike 
Added 
(ug/kg) 

6.7 
6.7 
6.7 

16.7 
16.7 
16.7 

Spike 
Added 
i.1!.gl 

5.0 
10 .0 
20.0 

Water 

QC Limits 
Recovery Range 

45 125 
45 125 
45 125 
45 125 
45 125 
45 125 
45 125 
45 125 
45 125 

Soil 

QC Limits 
Recovery Range 

40 
40 
40 
40 
40 
40 

130 
130 
130 
130 
130 
130 

QC Limits 
Recovery Range 

40 130 
40 130 
40 130 
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SOP No.: ll '62 

Title: Trace ICP Quantitation of HSL Metals plus Boron, Molybdenum, Silicon, 
Strontium, Titanium, and Tin. 

Scope: The method detailed in this procedure is for the analysis of water, 
TCLP and EP extracts, soils, sludges, sediments and other solid 
wastes digestates for Hazardous Substance List (HSL) Metals by 
Inductively Coupled Plasma (ICP) spectroscopy in accordance with 
USEPA method 60l0A. The use of ionization buffers, internal 
standards, and special background correction techniques is specified. 

l. 0 PURPOSE 

The purpose of this procedure is to describe the simultaneous analysis of 
metals on the USEPA Hazardous Substances List (Antimony, Arsenic, Lead, 
Selenium, Silver, Thallium, Sodium, Potassium, Aluminum, Barium, Beryllium, 
Cadmium, Calcium, Chromium, Cobalt, Copper, Iron, Magnesium, Manganese, 
Nickel, Vanadium, and Zinc) plus Boron, Molybdenum, Silicon, Strontium, 
Titanium, and Tin at trace levels using a Thermo-Jarrell-Ash 6lE Purged 
Trace Inductively Coupled Plasma Spectrometer and autosampler. Table 1 
lists the elements and contract required detection limits. All samples are 
digested in accordance with SOP 11.35 or 11.36 prior to analysis. Filtered 
samples for dissolved metals analysis can be analyzed after either 
digestion or matrix matching. The digestate holding time is 180 days. 

2.0 REFERENCES 

TJA ICAP 61£ Operator's Manual (p/n 134542-00) 

SW846 method 60l0A revision l 
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3.0 EQUIPMENT AND SUPPLIES 

A. lOOmL volumetric flasks 
200mL volumetric flasks 
SOOmL volumetric flasks 
lOOOmL volumetric flasks 
lOOmL plastic storage bottles 
250mL plastic storage bottles 
SOOmL plastic storage bottles 
20.0L Nalgene carboy 
lO.OL Nalgene carboy 
lOOOmL graduated cylinder 
200mL graduated cylinders 
lSmL disposable autosampler tubes 
28mL disposable autosampler tubes 
Centrifuge tube holder 
Pipetters and Pipette Tips 

l.OOOmL Rainin 
.lOOmL Eppendorf 

5. 10, 20 mL class A volumetric pipets 
Pump windings and tee fittings 
Argon gas (cryogenic liquid source) 

SOP No.: 11.62 
Page 2 of 29 

Nitrogen gas (cryogenic liquid source) used for purging of 
spectrometer 

B. Instrumentation 

TJA 61E Purge Trace ICP with meinhard nebulizer, cyclonic spray 
chamber, horizontal torch, and AS-192 autosampler. 

Simultaneous background correction technique is used for the analysis 
of lead and selenium to acheive lower instrumental detection limits 
comparable to graphite furnace. 

An argon humidifier is used for extracts and samples containing high 
salts. A high-solids "Bergener" nebulizer can be used for the 
analysis soil digestates. 

Yttrium Internal standard - Lithium ionization buffer is added on
line using a mixing tee and coil with a ratio of 1:4 (one part 
standard: four parts samples, resulting in a dilution factor of 5 
for the internal standard, approximated 1 ppm is the final, ''mixed
in'' concentration. 
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4.0 REAGENTS 

Deionized water ASTM type II or equivalent 

Concentrated hydrochloric acid, trace metals grade 

Concentrated nitric acid, trace metals grade 

Flame Water - 5% hydrochloric acid~ 1% nitric acid 

Preparation of flame water: 

SOP No.: 11.62 
Page 3 of 29 

Fill a 20.0L Nalgene carboy half full with type II water. Add 200 
ml concentrated nitric acid and lOOOml concentrated hydrochloric 
acid underneath a hood to contain noxious gases. Dilute to twenty 
liters with type II water and mix thoroughly. 

2% nitric acid 

Preparation of 2% nitric acid: 

Fill a lO.OL Nalgene carboy half full with type II 
mL of concentrated nitric acid underneath a hood. 
liters with type 11 water and mix thoroughly. 

water. Add 200 
Dilute to ten 

Standards - Metal plasma grade standards which nre traceable to NBS 
standard referenc~ materials; High PLtrity Standards brand or 
equivalent. 

ICV, CCV and ICS quillity control standards currently supplied by High 
Purity Standards. LCS quality control standard currently supplied 
by Environmental Resources Associates. 

Sppm Arsenic Profile check solution 

Preparation of As solution: 

Pipet 2.5mL of lOOOppm Manganese stock solution into a 500mL 
volumetric flask. Dilute to volume with flame water. Transfer to 
a bottle labelled Sppm As. Record the date of preparation, 
expiration date and preparers initials on the bottle label. Prepare 
Arsenic Profile solution every three months or when depleted, 
whichever is more frequent. 

Preparation of Spprn Y-lOOOppm Lithium Internal standard-ionization 
buffer: 

Pipet 50 mL of 10,000 ppm Lithium standard (HPS cat II 10M29-l or 
10M29-2) and 2.5 mJ_ of lOOOppm Yttrium standard (HPS cat# 100067-
1) into a 500 mL ·volumetric flask, bring up to volume with matrix 
matched water (5% IICl+l% HN03 or 2% HN03). 
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5.0 GENERAL PRECAUTIONS 

AVOID CONTAMINATION of STOCK STANDARDS. Always pour out a small 
volume of standard stock solution into a new rnicrobeaker before 
taking an aliquot. NEVER insert a pipet directly into the bottle. 
This also applies to quality control standards stock solutions (ICVA, 
ICl, etc.) 

Check pipetters daily for leaks and for proper calibration. 

Empty Drain vessel at the end of each day. Take waste to waste 
disposal area for proper treatment prior to shipment. Fill vessel 
up to 6 inches of cap water prior to replacing beneath instrument. 

Clean up and neutralize all spills immediately to avoid corrosion 
damage to the instrument. 

Purge the optics with nitrogen at all times. Leave the RF power unit 
on at all times. Never attempt repairs to the High voltage systems. 
Leave the instrument PM tubes and heater on at all times. 

6.0 PROCEDURE 

6.1 Preparation of Calibration Standards 

6. l. 1 

6. l. 2 

6. 1. 3 

6. l. 3b 

To prepare calibration Standard 2 in flame water, add 2.0ml 
of QC-19 (HPS catDQCS-19), 20.0 mL of standard 2, part B, 
2.0 mL of 10000 ug/mL sodium and 2.0 mL of Sppm silver with 
either pipetters or glass pipets to a 200mL volumetric flask 
which has been half filled with flame water (or 2% nitric). 
Dilute tho flask to volume with flan1e water (or 2% nitric). 
Nix the solution thoroughly, and transfer it to a plastic 
bottle. 

To prepar0 calibration standard 2 i11 2% nitric acid, follow 
the same procedure as with Standard 2 in flame water 
substituti11g 2% nitric acid for flame water. 

To prepare calibration Standard 3 in flame water, add 20.0 
ml of the multi-element standard CLP-INF-I from High Purity 
Standard with a glass A volumetric pipets to a 200mL 
volumetric flask which has been half filled with flame 
water. Dilute the flask to volume with flame water, mix 
the solution thoroughly, and transfer to a plastic bottle. 
Document and label the standard as described above. This 
standard is also used as the CLP interference check 
standard, part A. 

To prepare calibration Standard 3 in 2% nitric acid, follow 
the same procedure as with Standard 3 in flame water 
substituting 2% nitric acid for flame water. 
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Standard 3 
Iron 
Alwninum 
Magnesium 
Calcium 

Starting GONG 
2000 ug/ml 
5000 
5000 
5000 

Volume Added 
lO.O(mix) 
lO.O(mix) 
lO.O(mix) 
lO.O(mix) 

Final CONC. 
200000 ug/L 
500000 ug/L 
500000 ug/L 
500000 ug/L 

NOTE 1: 

NOTE 2: 

These formulations subject to change without an update of SOP 
to suit various client requirements 

If the client requires multiple standards for each element, the 
standards above will be used as the high standard, with 1:10 and 
1: 100 dilutions used for medium and low standards. Alternatively, 

the low, middle, and high standard can be prepared from decimal 
dilutions of the CRDL stock solution with the non-CLP elements 

added separately. 

6.1.4 Document the standard in the ICP Standards Logbook (figure 

l). Label the standard solution bottle. The label should 
include the preparers initials, the date of preparation, 

the expiration date, and the page number on which the 

standard has been recorded in the log book. The expiration 
date of standard solutions is three months from the date 

of prepar~tion or whenever one of the certified standards 

expires, whichever is first. 
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QC19 

f!IXB 

SINGLE 
SINGLE 
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Preparation of standard 2, part B stock solution, final volume 200rnl. 

Certified Volume Calibration 
Element Std. Cone. Added Std. Cone. 

Barium lOOOOug/ml 2.0 10 ug/ml 
Boron 1000 2.0 10 
Potassium 10000 2.0 100 
Silicon 1000 2.0 10 
Strontium 1000 2.0 10 
Tin 1000 2.0 10 

(final volume - 200ml) 

Certified Volume Calibration 
Element Std. Conc.(ug/rnl) Added imll Std. Cone. (ug/L) 

Antimony 100ug/m1 2.0(rnix) 1000 
Arsenic 100 2.0(rnix) 1000 
Beryllium 100 2.0(rnix) 1000 
Cadmium 100 2.0(rnix) 1000 
Calcium 100 2.0(rnix) 1000 
Chromium 100 2.0(mix) 1000 
Cobalt 100 2.0(mix) 1000 
Copper 100 2 .O(rnix) 1000 
I ron 100 2 .O(rnix) 1000 
Lead 100 2 .O(mix) 1000 
Nagnesium 100 2.0(mix) 1000 
Hanganese 100 2.0(mix) 1000 
f!o1ybdenum 100 2.0(mix) 1000 
Nickel 100 2.0(mix) 1000 
Selenium 100 2.0(mix) 1000 
Thallium 100 2.0(mix) 1000 
Titanium 100 2.0(mix) 1000 
Vanadium 100 2.0(mix) 1000 
Zinc 100 2.0(mix) 1000 
Barium 10ug/ml 20(rnix) 1000 ug/L 
Boron 10 20(rnix) 1000 
Potassium 100 20(mix) 10000 
Silicon 10 20(mix) 1000 
Strontium 10 20(mix) 1000 
Tin 10 20(mix) 1000 
Sodium lOOOOug/rnl 2.0 100000 
Silver 5 ugjml 2.0 125 

Standard 2 (final volume ~ 200rnl) 
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6.2 QC Preparation 

6.2.1 

6.2.2 

6.2.3 

Preparation of Contract Required ICP Detection Limit (CRI) 
Stock Solution. This standard can be purchased from High 
Purity standards, Cat# CRDL. 

Fill a lOO.OmL volumetric flask halfway with flame water 
and add the following: 

Volume Certified 
Element Cone. (££b) Std (mL) Stock Cone. 
Be 1000 .1000 1000 ppm 
Cd 1000 .1000 1000 ppm 
Cr 2000 .2000 1000 ppm 
Co 10.00 l. 000 1000 ppm 
Cu 5.000 .5000 1000 ppm 
Nn 3.000 .3000 1000 ppm 
Ni 8.000 .8000 1000 ppm 
v 10.00 l. 000 1000 ppm 
Zn 4.000 .4000 1000 ppm 

(Note: Fe, Al, Ba, Mg, Ca, need not be added.) Dilute to 
the mark with flame water and transfer to a storage bottle. 
Document the solution in the ICP Standards Log Book (figure 
l). Label the bottle as ICP CRI Stock and record the 
preparation date, the expiration date, the preparers 
initials, and the page number on which the solution has been 
recorded in the log book on the label. Prepare fresh 
solution every three months or when one of the certified 
standards expires. 

Initial C:alibration Verification (ICV) and Continuing 
Calibration Verification (CCV): 

Fill a lOOmL volumetric flask halfway with flame water and 
add one mL of ICVP, part A and part B certified stock 
solution, 0. 5 mL of 1000 ug/ml Tin, and 0. 5 mL of 1000 ug/ml 
Strontiu111. Dilute the flask to volume with flame water. 
Mix the solution thoroughly and transfer to a plastic 
bottle labelled ICV. If undigested filtered samples or 
drinking water samples are to be analyzed, then prepare the 
rev solution using 2% nitric acid instead of flame water. 
These solutions should be prepared fresh daily. 

Interference Check Standard A (ICSA): 

Fill a lOOmL volumetric flask halfway with flame water and 
add lOmL of CLP-INF-1 certified multi-element stock 
solution. Dilute the flask to volume with flame water. 
Mix the solution thoroughly and transfer to a plastic bottle 
labelled !CSA. If undigested filtered samples or drinking 



. AI!"':» 
Gl ENVIRONMENI'AL SERVICES 

6.2.4 

6.2.5 
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water samples are to be analyzed, then prepare the IGSA 
solution using 2% nitric acid instead of flame water. These 

solutions should be prepared fresh daily. 

Interference Check Standard AB (ICSAB): 

Fill a lOOmL volumetric flask halfway with flame water and 
add lOmL of CLP-INF-I certified stock solution, and O.lOOmL 
of CLP-INF-II-Revised (Cat# ANALCS-R) certified stock 
solution. Dilute the flask to volume with flame water. 
Mix the solution thoroughly and transfer to a plastic bottle 
labelled ICSAB. If undigested filtered samples or drinking 
water samples are to be analyzed, then prepare the ICSAB 
solution using 2% nitric acid instead of flame water. 

Contract Required Detection Limit Standard for ICP (CRI): 
Fill a !OOmL volumetric flask halfway with flame water and 
add l mL of CRI stock solution or 0.10 ml of High Purity 
Standard's CRDL certified multi-element stock stock 
standard. Dilute the flask to volume with flame water. 
Mix the solution thoroughly and transfer to a plastic bottle 
labelled CRI. If undigested filtered samples or drinking 
water samples are to be analyzed, then prepare the CRI 
solution using 2% nitric acid instead of flame water. These 
solutions should be prepared fresh daily. 

6.3 Preparation of 1:5 Serial Dilution (L) 

Obtain the sample digestates for the case or SDC to be analyzed. 
Take the original sample digestate that corresponds to the sample 

designated for duplicate and matrix spike digestions for each SDG 
and matrix and prepare its serial dilution as follows: 

Into a l5mL centrifuge tube labelled (L), pipet the following: 

2mL of sample 
SmL of flame water 

If undigested filtered samples or drinking water samples are to be 

analyzed, then prepare the serial dilution using 2% nitric acid 

instead of flame \Vater. Prepare the serial dilution immediately 

before analysis. 
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6." Tuning and Calibrction of the ICP 

6.4.1 

6.4.2 

Conduct a pre-start up inspection. 

6.4.1.1 Argon and Nitrogen gas supply and drain vessel 

Make sure there is an adequate supply of Argon. 
Check the float gauge in the liquid argon dewar 
which is located in the cylinder storage room. 
The argon line pressure regulator should be set 
at 60 psi and the nitrogen line pressure should 
be set at 30 psi. 

Check the drain vessel beneath the ICP and empty 
it if full. 

6.4.1.2 Torch box 

Make sure all connections are secure and air tight, 
including the drain hose, nebulizer cap, argon 
lines. 

6.".1.3 Peristaltic pump 

Install new flexible pump tubing every other day 
(the windings have three stops which allow for an 
extra day of use) or if the old one shows signs 
of flattening or stretching, and connect to the 
nebulizer with capillary tubing. 

Daily Start Up 

6.4.2.1 Load the operating software called Therrnospec by 
using the windows icon under Thermospec window or 
by typing "STNRUN" at the C: drive prompt in DOS. 

6. 4. 2. 2 Ignite plasma. Under the menu heading SET UP, 
select CONTROL PANEL; then press Fl for Start Up 
followed by F9 for continue to begin the start up 
sequence which takes about 90 seconds. 
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6.4.3 
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6. 4. 2. 3 Warm-up. Once the torch has been successfully lit, 
exit the start up submenu and go to the analysis 
menu. At the method prompt, enter 11 6010" and the 
peristaltic pump should begin turning and the 
levels adjusted to following: 

Torch gas HIGH 
Auxilary gas LOW 
Nebulizer gas 0.588 mL/min 
Approximate RF Power (W) ~ 950 
Pump rate (RPM) ~ 130 

Fill the rinse water reservoir with the same matix 
as the samples. Fill the internal standard 
ionization buffer reservoir. 

Profile and prepare for sample analysis. 

6.4.3.1 Place a 28ml autosampler cup filled with 5 ppm As 
onto the last position (#19) on the ''L" rack of 
the autosampler. Under the analysis submenu, press 
F6 to move autosarnpler and begin profile sequence. 
Once the autosampler has moved it will wait 35 
seconds to allow for adequate uptake and 
equilibration of the test solution. 

6.4.3.2 Start the profile sequence. Press F3 and then Fl 
to start the profile. The procedure takes 
approximately 63 seconds and returns a peak profile 
of the Arsenic line at 189.042 x 2 nm (second order 
line) . 

6.4.3.3 Record the peak position and intensity in the daily 
maintenance logbook. The peak position should be 
within 0.3 units of the 0 position and the 
intensity should be around 6000 '1 counts''. Print 
out the profile report and include it with the raw 
data to demonstrate that the spectrometer was 
correctly profiled. A drift greater than the 
specified tolerance could indicate a drastic 
barometric or thermal change since the last profile 
and warrants further investigation. (see trouble 
shooting.) 
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6.4.4 

6.4.5 
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Prepare autosarnpler sequence. 

Under Operation menu, select ''Autosampler Setup". Load the 

default table name "trace" and enter the samples to be run 
under set 2. (maxinum 192). Enter a CCV and CCB every 10 
samples and an ICSA, ICSAB, CRI check sample every 80 
samples. Once finished, print out the table assignments by 
pressing F2. 

Load autosarnpler with standards and samples according to 

the table printouts. A typical set-up should like like this: 

(set l) Load autosarnpler L rack with 28 rnL cups 

Position 
5 
4 
3 
2 
l 
6 
7,8 
9 
10 
ll 
12 
13,15,17 
14,16,18 

Standard 
stdl-blank 
std2 
std3 
stdL1 

Linear range solution 
ICV solution 
ICB, CCB solution 
(skipped) 
ICSA solution 
ICSAB solution 
CRI solution 
CCV solution (for long runs) 
CCB solution 

(set 2) Load autosarnpler (48 position racks): 

Position Name 

l PB\1 (+DATE OF DIGESTION) 
2 LCSW (+DATE OF DIGESTION) 
3 SAHPLE 
4 DUPLICATE D 
5 SPIKE S 
6 SERIAL DILUTION L 
7 SANPLE2 
8 SANPLE3 
9 SAHPLE4 
10 SANPLE5 
(13) of L rack CCV 
(14) of L rack CCB 
ll 20 10 more samples 
(13) of L rack CCV 
(14) of L rack CCB 
21 30 10 more samples 
( l3) of L rack CCV 
(14) of L rack CCB 
31 .. 40 10 
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(15) of L 
(16) uf L 
41 .. 48' 
rack 2, 1 
(15) of L 
(16) of L 

rack 
rack 

.. 2 
rack 
rack 

CCV2 
CCB2 
8 more 
2 more 
CCV2 
CCB2 

samples 
samples 

SOP No. : 11. 62 
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(set 3) The final QC is entered in set #3 and begins with a CCV/CCB 
pair. 

(6) of L rack ICV 
(7) of L rack ICB 
(10) of L rack ICSA 
(11) of L rack ICSAB 
(12) of L rack CRI 
(1) of L rack CCV 
(8) of L rack CCB 

NOTE 1: The autosampler assigns the pos1t1ons of the samples and 
QC in the order in which they are entered. Modifying an 
existing run by inserting samples may change the assignments 
of the samples. 

NOTE 2: In order to take multiple uptakes from the same QC cup, the 
identic;.;.]_ name must be entered. This would not allow for 
the numiJ,·r ing of CCVljCCBl, CC1'2/CCB2, etc. or the suffix 
of "I" ut" "F" on ICSA, ICSAB, CRI check solution used in 
CLP type packages. 

6.5 Sample Analysis 

6.5.1 

6.5.2 

6.5.3 

Initiate autosarnpler run. Under the Operation menu, select 
Analysis, enter the method "6010", press F9 for autosampler 
run; enter the desired autosampler table file ( 11 trace 11 if 
using example from 5.4.4) and press Fl, to start operation. 

If the samples to be analyzed have been digested then all 
the calibration standards and quality control solutions used 
should be prepared using flame water. If the samples to 
be analyzed are undigested filtered samples or drinking 
water samples, then all the calibration standards and 
quality control standards used should be prepared using 2% 
nitric acid. 

Record the analysis sequence, the instrument identification, 
the datt, the analyst's name, the analyst's signature, the 
time of ~nalysis initiation, and the work order numbers on 
the bencl1 sheet (figure 3). Submit a copy of the bench sheet 
with the raw data. 
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6.6 Quality Control Requirements 

6.6.1 

6.6.2 

LINEAR RANGE CHECK. 

The linear range sample is run immediately after calibration 
when analyzing samples by method 6010. The linear range 
sample is the high standard solution that was used to 
calibrate the instrument. The linear range sample result 
should be within 5% of the true value. This definition of 
linear range is typically much lower than the actual linear 
range of photo-multiplier tubes. When measurements for any 
element exceed the control limits, the analysis is void for 
that element. The problem must be corrected and the samples 
reanalyzed and diluted, if necessary, to bring the measured 
concentration within the analytical linear range. 

ICV/CCV 

The ICV is run immediately after calibration when analyzing 
samples by CLP method, or immediately after the linear range 
sample l·lhen running samples by method 6010. The CCV is run 
after every ten samples or every two hours. The ICV and 
CCV must be within 10% of the true value. When measurements 
for any element exceed the control limits the analysis is 
void for that element. The problem must be corrected and 
the samples reanalyzed. 
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Element 

Antimony 
Arsenic 
Lead 
Selenium 
Silver 
Thallium 
Aluminum 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Hanganese 
Nickel 
Vanadium 
Zinc 
Potassium 
Sodium 
Molybdenum 
Boron 
Silicon 
Strontium 
Titanium 
Tin 

Acceptance Criteria 
rev 

Control Limits (ppb) True 

90 - llO 
36 44 
18 22 
9 - ll 
45 - 55 
45 - 55 
1800 - 2200 
1800 - 2200 
45 - 55 
45 - 55 
9000 - 11000 
180 220 
450 - 550 
225 - 275 
1800 - 2200 
9000 - llOOO 
450 550 
450 550 
450 550 
450 550 
9000 - l1000 
9000 - l1000 
450 550 
450 550 
450 550 
450 550 
450 550 
450 550 

Value 

100 
40 
20 
10 
50 
50 

2000 
2000 

50 
50 

10000 
200 
500 
250 

2000 
10000 

500 
500 
500 
500 

10000 
10000 

500 
500 
500 
500 
500 
500 

SOP No.: 11.62 
Page 14 of 29 

(ppb) 
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6.6.3 ICB/CCR 

SOP No.: ll.62 
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The ICB and CCB are blank solutions. The ICB must be run 
immediately after the ICV. A CCB must be run immediately 
after each CCV. The absolute value of the ICB and CCB 
measurements should be less than or equal to the EPA CRDL 
(ILM03. Ol). Otherwise, the analysis is void for that 
element. The problem must be corrected and the samples 
reanalyzed. 

Element CRDL (ppb) 

Antimony 6 
Arsenic 10 
Lead 3 
Selenium 5 
Silver 10 
Thallium 10 
Aluminum 200 
Barium 200 
Beryllium 5 
Cadmium 5 
Calcium 5000 
Chromium 10 
Cobalt 50 
Copper 25 
Iron 100 
Magnesium 5000 
Manganese 15 
Nickel 40 
Vanadium 50 
Zinc 20 
Potassium 5000 
Sodium 5000 
Molybdenum 10 
Boron 50 
Silicon 200 
Strontium 5 
Titanium 50 
Tin 40 
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6.6.4 ICSAB 
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The ICSA and ICSAB must be run at the beginning and end of 
each analysis run or at a minimum of twice per eight hour 
shift. ICSAB must be run immediately following ICSA. ICSA 
contaius interferents. ICSAB contains analytes plus 
interferents. The ICSA and ICSAB measurements must be 
within 20% of the true values. If any element is outside 
this limit, then the analysis is void for that element. 
The problem must be corrected and the element should be 
reanalyzed. 

Acceptance Criteria 
ICSAB 

Element Control Limits (ppb) True Value (ppb) 

Antimony 480 720 600 
Arsenic 80 120 100 
Lead 40 60 50 
Selenium 40 60 50 
Silver 160 240 200 
Thallium 80 120 100 
Aluminum 400000 600000 500000 
Barium 400 600 500 
Beryllium 400 600 500 
Cadmiuttl 800 1200 1000 
Calciu11! 400000 600000 500000 
Chromiu111 400 600 500 
Cobalt 400 600 500 
Copper 00 600 500 
Iron 160000 240000 200000 
Magnes i LUll 400000 600000 500000 
Manganese 400 600 500 
Nickel 400 600 1000 
Vanadium 400 600 500 
Zinc 800 1200 1000 
Potassium NR 
Sodium NR 
Molybdenum 400 600 500 
Boron 400 600 500 
Silicon 400 600 500 
Strontium 400 600 500 
Titanium 400 600 500 
Tin 400 600 500 
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6. 6. 5 CRI 

6.6.6 

The CRI is to verify linearity near the CRDL (see table l). 
The CRI is prepared at two times the concentration of the 
CRDL or approximately 3 - 5 times the IDL if a CRDL does 
not exit for a particular element. If samples are being run 
by method 6010, then the CRI must be run at least once 
during the analysis. Specific acceptance criteria currently 

do not exist in the current protocols but a range of +/~ 
25% or +/- CRDL (whichever is higher) will be used as 
rejection criteria. 

PBW/PBS 

The PBW and PBS are laboratory digested blanks. If any 
element concentration in the digested blank is above CRDL 
(see tnlJle l), then all the samples associated with that 

blank \.'hich have concentrations greater than the CRDL and 
less tl1.::m ten times the blank concentration must be 
redigesced and reanalyzed for that element. If any element 
concentration in the digested blank is less than the 
negative of the CRDL, then all samples associated with that 

blank must be reanalyzed. 
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6.6.7 LCSw/LCSS 
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The LCSW and LCSS are digested control samples. The LCSw 
measurements must be within 20% of the true values. If any 
elemenc concentration in the LCS is outside the control 
limits, then all the samples associated with that LCS must 
be redigested and reanalyzed. 

Element 

Antimony 
Arsenic 
Lead 
Seleniulll 
Silver 
Thallium 
PotassiLun 
Sodium 
Aluminum 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Nickel 
Vanadium 
Zinc 
Molybdenum 
Boron 
Silicon 
Strontium 
Titanium 

Acceptance Criteria 
LCSw 

Control Limits (ppb) 

80 120 
32 48 
16 24 

8 12 
40 60 
40 60 
8000 12000 
8000 - 12000 
1600 - 2400 
400 - 600 
80 - 120 
400 - 600 
8000 - 12000 
400 600 
400 - 600 
400 - 600 
1600 - 2400 
8000 - 12000 
400 600 
500 600 
400 600 
400 600 
400 600 
400 600 
400 600 
400 600 
400 600 

Acceptance Criteria 
LCSS 

True Value (ppb) 

100 
40 
20 
10 
50 
50 

10000 
10000 

2000 
500 
100 
500 

10000 
500 
500 
500 

2000 
10000 

500 
500 
500 
500 
500 
500 
500 
500 
500 

The manufacturer (ERA, Arvada CO) supplied control limits are used 
unless otherwise specified. 
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6.6.8 
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Duplicates 

One duplicate must be analyzed for each matrix type in each 
group of samples. If an element concentration is greater 
than or equal to five times the CRDL, then the % RPD should 
be 20%. 

%RPD ~ sample - dup 
sample + dup 

2 

X 100 
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6.6.9 

SOP No.: 11.62 
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Matrix Spike and Post Digestion Spike Samples 

The spike sample analysis is designed to provide information 
regarding the digestion and methodology used for analysis. 
One spike is prepared for each matrix type in each group 
of samples. If the spike recovery for an element is less 
than 25% of the true value, and if the sample concentration 
corresponding to the spiked sample is less than four times 
the spike added, then a post digestion spiked sample must 
be run. The post digestion spike must be twice the sample 
concenu-ation or twice the CRDL, whichever is greater. For 
purposes of calculating the% spike recovery, sample results 
less than the instrument detection limit (IDL), should be 
assumed to be zero. 

Elernt:nt Aqueous (ppb) Solid (ppb) 

Antiwony 100 100 
Arsenic 40 40 
Lead 20 20 
Selenium 10 10 
Silver so so 
Thallium so so 
Alun1inwn 2000 not required 
Barium 2000 2000 
Beryllium so 50 
Cadmium so so 
Calcium not required not required 
Chromium 200 200 
Cob~lt 500 500 
Copp(et 250 250 
Iro11 1000 not required 
Magnesium not required not required 
}\an:':.~; ne se 500 500 
Nict.;.2l 500 500 
Van;>diwn 500 500 
Zinc 500 500 
Potassium 10000 10000 
Sodium 10000 10000 
Ho1ybdenum 500 500 
Boron 500 500 
Silicon 500 500 
Strontium 500 500 
Titanium 500 500 
Tin 500 500 
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6.6.10 
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Serial Dilution 

One serial dilution is prepared for one sample of each 
matrix type in each group of samples. If the element 
concentration is fifty times the IDL or greater, then 
the % difference between the serial dilution and the 
sample should be 10%. 

% Difference - sample dilution X 100 
sample 

6. 7 Instrument Shut Down 

6. 7. 1. 

6. 7.2. 

6.7.3. 

6.7.4. 

6.7.5. 

Aspirate flame water for several minutes, followed by DI 
water, followed by 2% Triton-X 100, followed by DI water, 
to clean nebulizer tips and spray chamber. 

Under Setup menu, select F7 (shutdown). This shuts off the 
torch .::md pump windings, goes through a cool down period 
of 90 seconds before shuting off the water recirculator and 
gas flows. 

After the peristaltic pump stops, disengage the top two 
cartridges, leaving the tens ion setting untouched. The 
bottom cartridge supplies tension to the rinse reservoir 
and should be kept on to prevent back flowing of the rinse 
water. 

Leave the circuit breaker on the RF power unit behind the 
instrument on at all times. 

Leave the nitrogen purge gas on at all times. 

6.8 Trouble shooting and corrective action 

6.8.1 

6.8.2 

Problem: Stable plasma will not start. 

Action: Make sure the pump tubing is stalled and that there 
are no leaks in the tubing or spray chamber. Make 
sure the drain line is submerged under 6 inches 
of water in the drdin wctste vessel. 

Problem: Profile peak position greater than 0.3 units from 
zero position. 

Action: ICP may not have reached purge or thermal 
equilibrium. Check the nitrogen purge gas flow, 
replace nitrogen dewar if empty or low pressure 
prevents sufficient purging. If purge is 
sufficient, try re-profiling and recalculate 
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6.8.3 

6.8.4 

6.8.5 

SOP No.: 11.62 
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spectrum shifter position. Set new vernier position 

and verify profile. Record new vernier position 
in daily maintenance log. 

Problem: ICV fails for an element. 

Action: (a) The instrument will need to be recalibrated. 

(b) The profile may have drifted beyond 0.3 units 
from zero position. (c) The sample introduction 

system may have deteriorated since calibration 
indicating the nebulizer tip, pump windings, etc. 
may need cleaning or replacement. (d) The internal 
standard may have run out. (e) the ICV solution 
or sample introduction system may have been 
contaminated, perform additional rinse, refill 
ICV/CCV, and rerun to verify. (f) The calibration 
standards may need to be remade. 

Problem: ICB fails for an element. 

Action: (a) The instrument will need to be recalibrated. 

(b) The profile may have drifted beyond 0.3 units 
from zero position. (c) The sample introduction 
system may have deterior<'!ted since calibration 
indicating the nebulizer tip, pump windings, etc. 
may need cleaning or replacement. (d) The internal 
standard may have run out. (e) the ICB solution 
or sample introduction system may have been 
contaminated, perform additional rinse, refill 
ICB/CCB, and rerun to verify. (f) The calibration 
standards may need to be remade. 

Problem: ICSA or ICSAB fails for an element. 

Action: (a) The spectrum shifter may need to be reprofiled, 
(b) the Interelement correction files may need to 
be changed or (c) new background points may need 
to be selected and new IEC performed. 
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7. 0 SAFETY 
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7. l Equipment 

l. Lab coat 
2. Safety glasses 
3. Gloves 

7.2 Potential hazards 

7.2.1 

7.2.2 

All samples and solutions are in 5% HCl and may contain 
high concentrations of metals a well. Safety glasses should 
be worn to protect the eyes from acid splashes. Gloves and 
lab coats should be worn to protect the hands and skin from 
spills or splatter. If any solution is spilled on the skin, 
wash the area immediately with plenty of water and notify 
a supervisor. If any solution is splashed in the eyes, 
rinse immediately and thoroughly in an eyewash basin and 
contact a supervisor immediately. 

The ICP uses high voltage electricity and generates an RF 
field, so there is a potential risk of electrocution if 
shielding is circumvented. The TJA ICP has numerous safety 
interlocks to shut off power to the RF coils if there is 
a break in the shielding around the coils, if the supply 
of cooling water is lost, or if there is a loss of argon 
pressure. 
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8.0 DISPOSAL REQUIREMENTS 
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8.1 After analysis sample digestates must be held for six months, after 
which they are disposed of in accordance with the Hazardous Waste 
Disposal Procedure. 

8.2 All other non hazardous solutions may be washed down the drain with 
copious amounts of water. 

9.0 REPORTING REQUIREMENTS 

9.1 The case number, date, instrument ID, analyst's initials, and page 
number or source of all standard and quality control solutions must 
be recorded on the first page of raw data. 

9.2 The ICP run log (figure 2) must be filled out for each day's 
operations. The method, date & time of start and end of each run, 
standard sequence and sources, QC sequence and sources, and sequence 
of samples analyzed and date for preparaton batch. In addition, each 
run must be recorded according to work orders, fraction numbers, 
corresponding multi-pro file name, elements completed, and analyst's 
initials. 

9.3 If any maintenance is performed, routine or non-routine, the 
Maintenance log for the affected ICP shall be filled out (figure 4). 
This shall accompany all field service reports. 

9.4 Record all solutions made in the ICP Calibration Standards logbook 
(figure l). 
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Table l 
Contract Required Detection Limit 

Element CRDL (,_gflJ_ 

Antimony 6 F 
Arsenic 10 F 
Lead 3 F 
Selenium 5 F 
Silver 10 F 
Thallium 10 F 
Aluminum 200 
Barium 200 
Beryllium 5 
Cadmium 5 
Calciu.m 5000 
Chromium 10 
Cobalt 50 
Copper 25 
Iron 100 
Magnesium 5000 
Manganese 15 
Nickd 40 
Vanadium 50 
Zinc 20 
Potassium 5000 A 

Sodium 5000 A 
Holybdenum 10 * 
Boron 50 * 
Silicon 200 * 
Strontium 5 * 
Ti tanit.un 50 * 
Tin 40 * 

A Hay also be performed by FLAA 
F Element traditionally performed on GFAA 
* Element not on Hazardous Substances List. 

F~A Flame Atomic Absorption 
GFAA Graphite Furnace Atomic Absorption 

SOP No. : ll. 62 
Page 25 of 29 
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Figure 1 
ICP CALIBRATION LOG BOOK 
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GP ENVIRONMENTAL SERVICES ***** METALS IIORKING STANDARDS LOGBOOK 

Document Control No. :Ge I" 3 Page No. : 20'3 
Type : ________________ Date Prepared: Initials: _________ __ 

Matrix: Date of Expiration: Supervisor:----,.---, 

Element 

Zinc 

Beryllium 

Cadmium 

Manganese 

Barium 

Cobalt 

Copper 

Vanadium 

Chromium 

Nickel 

Iron 

Aluminum 

Magnesium 

Calcium 

Arsenic 

Selenium 

Silver 

Lead 

Thallium 

Starting 
Conc(ppm) 

__ ...Jl.___ AxB/C St:d Source Date of 

Volume 
Added(ml) 

Final Final page # or Expire 
Volume<ml) Copc(ppm) (GP ID no) 

Zn. ____ _ 

Be ___ _ 

Cd, __ _ 

Mn. __ _ 

Ba. ___ _ 

Co, ____ _ 

Cu. ___ _ 

v __ _ 

Cr __ _ 

Ni. __ _ 

Fe. ____ _ 

Al. __ _ 

H • ..__ __ _ 

ca. __ _ 

As. ____ _ 

Se. ____ _ 

A . .._ __ _ 

Pb ___ _ 

Comments: ________________________________________ __ 
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Figure 2 
ICP RUN LOG 

SOP No. : 11. 62 
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Document Control No. : ____ _ Page __ _ 

GP ENVIRONMENTAL SERVICES TRACE ICP RUN LOG 

Instrument ID Number: Trace Method File: _____ _ 

Start Date.: End Date: ________ __ MP FILENAME: ___ _ 

GPWorkorder Clientcode Type Matrix Prepdate Comments: (Rush, Redigestion,etc) 

AdditionalComrnents: ____________________________________ _ 

Maintenance: Pump windings ___ Waste 

Aresenic Profile Peak Position: 

Traceability: 

Sl: _______ _ 
S2: _______ _ 
S3: _______ _ 

rev 
CCV 
ICSA 

S4: _______ _ ICSAB: _______ __ 
SS: _______ _ CRI 

Analyst: _____________ _ Reviewed: 

Nitrogen Purge: ___ _ 

Intensity: 

Y INTERNAL STD : 
LITHIUM BUFFER: _____ _ 

Nebulizer ID 
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DATA FILE: W042296A 

INSTRUMENT FILE: 

SEQ LAB ID 
1 STANDARD 

2 STANDARD 2 

3 STANDARD 3 

4 STANDARD 4 

5 zzzzzz 
6 STANDARD 5 

7 ICV 

8 ICB 

9 ICSAI 
10 ICSABI 

11 CR I I 

CCV 
13 CCB 

14 PBW4/20(96 

15 LCSW4(20/96 

16 9604126-01H 

17 9604126-01HD 

18 9604126-01HS 

19 9604126-01HL 

20 9604114-01C 

21 9604114-01CD 

22 9604114-01CS 

23 9604114-01CL 

24 CCV 

25 CCB 

26 9604121-01A 

27 9604126-02A 

28 9604126-02ALD 

29 9604126-02AL 

30 CCV 

31 CCB 

I CSAF 

_._, ICSABF 
34 CR IF 

35 CCV 

36 CCB 

CASE: 

Figure 3 
Bench Sheet 

BENCH SHEET 
SW6010 

SOG: 

INSTRUMENT: TRACE ANALYZED: 04/22/96 

CLIENT 10 

so 
51000 

53 
54 
zzzzzz 
55 

ICV 

ICB 

ICSAI 
lCSABI 

CRI I 

CCV1 
CCB1 

PBW 
LCSU 
T7-22·EFS·041996 

T7-22-EFS-0419960 

T7-22-EFS-041996S 

T7-22-EFS-041996L 

GIJ·6 

GW-60 
Gl,.l-65 

GW-6l 

CCV2 

CCB2 

MATRIX 

WATER 
WATER 
\.lATER 

\.lATER 

\.later 

\.later 

WATER 

WATER 
WATER 

WATER 
WATER 

\.later 

IJater 

WATER 
WATER 

WATER 
WATER 
\.lATER 

\JATER 

WATER 
WATER 
WATER 
WATER 

\.later 

Water 

MW WATER 

T7-22-EFS-041996(F!LTERED) WATER 

T7-22-EFS-041996(F!LTEREO)LO WATER 

T7-22-EFS-041996(F!LTERED)L WATER 

CCV 

CCB 

ICSAF 

ICSABF 
CRI F 

CCV 

CCB 

\.later 

IJater 

\.later 

Water 

IJater 

\.later 

IJater 

DILUTION SIZE 
1.00 100.000 

1.00 100.000 

1. 00 100.000 

1. 00 100.000 

1. 00 100.000 

1.00 100.000 

1.00 100.000 

1.00 100.000 

1.00 100.000 

1.00 100.000 

1.00 100.000 

1.00 100.000 

1.00 100.000 

1.00 100.000 

1.00 100.000 

1.00 100.0DO 

1.00 100.000 

1.00 100.000 

5.00 100.000 

1.00 100.000 

1. 00 1 DO. 000 

1.00 100.000 

1.00 100.000 

1.00 100.000 

1.00 100.000 

1.00 
1.00 

1.00 
5.00 

1.00 
1.00 

1.00 

1.00 
1.00 

1.00 
1.00 

100.000 
100.000 

100.000 
100.000 

100.000 
100.000 

100.000 
100.000 
100.000 

100.000 
100.000 

VOLU!<E 
100.000 

100.000 
100.000 

100.000 
100.000 
100.000 

100.000 

100.000 
100.000 
100.000 
100.000 

100.000 
100.000 

100.000 
100.000 
100.000 
100.000 
100.000 

100.000 
100.000 

100.000 
100.000 

100.000 

100.000 

100.000 

100.000 
110.000 

110.000 
110.000 

100.000 
100.000 

100.000 
100.000 
100.000 

100.000 
100.000 

SOP No. : 11.62 
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XSOLIDS ANALYZED 

04/22/96 10:31:09 

04/22/96 10:36:11 

04/22/96 10:40:10 

04/22/96 10:44:40 

04/22/96 10:44:50 

04/22/96 10:54:12 

04/22/96 10:56:49 

04/22/96 11:01:51 

04/22/96 11:06:53 

04/22/96 11:11:54 

04/22/96 11:16:56 

04/22/96 11:21:59 

04/22/96 11:27:01 

04/22/96 11:32:02 

04/22/96 11:37:04 

04/22/96 11:42:05 

04/22/96 11:47:06 

04/22(96 11:52:07 

04/22/96 11:57:07 

04/22/96 12:02:08 

04/22/96 12:07:09 

04/22/96 12:12:10 

04/22/96 12:17:11 

04(22/96 12:22:12 

04/22/96 12:27:14 

04/22/96 12:32:16 

04/22/96 12:37:17 

04/22/96 12:42:19 

04/22/96 12:47:20 

04/22/96 12:52:23 

04/22/96 12:57:25 

04/22/96 13:03:26 

04/22/96 13:07:27 

04/22/96 13:12:29 

04/22/96 13:17:31 

04/22/96 13:22:33 
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SOP No.: 11.55 

Tit:le: 

Scope: 

Chloride - (Ticrimetric, Mercuric Nitrate) 

This Standard Operating Procedure describes the method for the 
determination of Chloride according to EPA Method 325.3 

l. PURPOSE 

This rnc~hod explains che determination of chloride in soils. sedimencs, 
and vater. The applicable range of this method is from 0.50 mg/L 
chlo1·ide _ 

Inorganic chloride is measured by titration. An acidified sample is 
~icrated ~irh mercuric nitrate in che presence of mixed 
diphenylcarbazone-bromophcnol blue indicator. The end point of the 
ti~ration is the formation of che blue-violet mercury diphenylcarbazone 
coJTiplex. 

II . REFERENCES 

U.S. EPA. Me.thods fo1.· Chemical Anelvsis of Water ppd \jlasr:es, EPA-
600/4-79-020, Mechod 325.3 

U.S EPA Methods for H;,ndling and Chemical Analysis of Sediment 
and ~acer Samples, 1981, p. 3-183. 

111. SAMPLE HANDLING AND PRESERVATION 

Analysis should be performed within 28 days of sampling. Until 
analysis, the sample should be preserved by refrigeracion at 4°C. 

IV. EQUIPMENT AND SUPl'Ll ES 

5 or 10 ml buret t.~it:h 0.05 rnl graduations 

Magnetic st:ir bar and stir plate 
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V. REAGENTS AND STANDARDS 

Stock mercuric nitrate titrant(0.141N): 
Dissolve 25 grams of Hg(N03 ) 2 11,0 in 800 ml of water acidified wit:h 
5.0 ml of cone. HN03 . Dilute to l liter. Filter is necessary. 

Mercuric nitrate titrant (0.0141N): 
Dilute 100 ml of stock titrant: to 1 liter 

Mixed indicator solution: 
Dissolve 0.5 grams crystalline diphenylcarbazone and O.OS grams 
bromophenol blue powder in 75 ml of 95X ethanol. Dilute to 100 ml 
with ethanol and store in a dark bo.:cle, refrigerated. Solution 
is good for 6 mon.:hs. 

Nitric acid solution: 
Add 3.0 ml nitric acid to 997 ml of water 

Sodium hydroxide solu~ion: 
Dissolve 10 gr~ms of NaOH in water wi~h mixing and dilute ~o l 
1 i tcr. 

Stock chloride solution, 1000 mg/L: 
This solution can be purchased wich certificates of analysis. 

VI. PROCEDURE 

A. Standardization of Titrant 

l. !itrat:e a standard chloride solution ( 2~ mg/L) as described 
in B. bolov. 

2. Calculate the concentration of the titrant by: 

Normality titrant:, N- (50 ml Cl·l 125 rng/L Cl·l 
(X ml l:it:ranc) (35 ,450) 

B. A titrant blank should be analyzed before any samples, co 
establish the amou~ of ~i~rant required ~o reach the endpoint 
color for blank water plus the reagents to be used with che 
samples. 

C. ~ater Samples 

I I 

1. Place 50 rnl of sample, or a portion of sample dilu.:ed to 50 
ml. in a flask. Add the stir bar and place flask on stir 
pla.:e. 

2. Add 5 · 10 drops of mixed indicator 

3. If a blue-viole~ or red color appears, add nitric acid 
solution dropwlse until the color changes to yellow. 
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4. If a yellow or orange color forms when indicator is added, 
add NaOH solurion dropwise uncil color changes to blue, rhen 
add nitric acid solution dropwise until color changes to 
yellow. 

5. Add 1 ml excess nitric acid solution 

6. Titrate with 0.0141 N ~itran~ uncil a blue-violet color 
persiscs throughout the solucion. Practice runs should be 
made co familiarize the analyse with rhe endpoint. 

7. Samples requiring more than lOrnl of titranr to reach the 
endpoint should be diluted. 

D. Soil and Sediment Samples 

1. ~eigh a 0.5- to 1.0-g sample of the wet sediment. Transfer 
to a lOO·ml Erlenmeyer flask. 

2. Add 50 rnl distilled wacer to the sample and boil for 15 
minu~es. Since the procedure is opexationally defined, the 
heating time should be standard for all samples. 

3. 

4. 

Transfer [he sample to a cen~rifuge tube 
slurry at 2,000 rpm for 5 to 10 minutes. 
phase into a 100-ml volumetric flask. 

and centrifuge the 
Decant the liguid 

Add 10 ml distilled 
tube and thoroughly 
minutes at 200 rpm. 
flask. 

water to the solids in the centrifuge 
mix the sample. Centrifuge for 5 to 10 

Decant the wash into the volumetric 

5. Repeat the washing procedure a second time and add the wash 
to the volumetric flask. Dilute the sample to volume with 
distilled water. Filter through a 0.45~ pore-size membrane 
filter. 

6. Analyze ~he extrac~ as a ~aLer sample. 

E. Calculation 

, I !'· 

1. For ~ater samples: 

mg Cl·/L- (A - B)N x 35,450 
ml of sample 

\Jhere: 
A - ml ~i~rant for sample 
B- ml titrant for blank 
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N - normality of mercuric nitrate titrant 

2. For soil and sediment samples, determine the chloride 
concentra~ion of the sedimen~ sample as follovs: 

Dry basis: chloride. mg/kg- lxl Cyl Cl,OOOl 
g (XS) 

\Jhere: 

X chloride concentraLion in sample, 

y sample volume, li~er 

g vet weight of sediment sample. g 

mg/L 

XS percent solids in sediment (as decimal 
fraction) 

VII. QUALITY CONTROL 

A. At the beginning of an analytical run. the initial calibration 
must be verified by an EPA Control Sample. The percent recovered 
(XR) is calculated as follows: 

Found value 
True value 

!R must be vithin the specified 954 C.I. 

A continuing calibraJ:ion verification musT.: be run after every ten 
samples oraL the end of a case, and calculaLed as above. The 
initial calibration must be rerun if the first value fails. If 
any continuing calibr.e.tion fails, those samples affected must be 
re.run. 
If no concrol limits are supplied for che ICVjCCV sample, recovery 
limits of 85-ll5l will be used. 

B. Duplicace sample analysis rous~ be performed for every 20 samples 
of Lhe same matrix. The difference between t:he t:wo Voiilues is 
defined as Relacive Percenc Difference and is calculaced as 
follows: 

RPD (Samole-Dupl1catel' x 100 must be <~ 15X 
Sarnple+Duplicate 

C. Spiked sample analysis must be performed for every 20 samples of 
chc same matrix. Samples should be spiked with an amount 2-5 
Limes the method detection limit. lf sample results are high 
(sample requires dilution). the matrix spike should be at least 
half r.he concentration of t:he sample.. Spike recovery must be. 80-
1201. Percent recovered is calculated as follows: 

II 'I 11 
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D. Along With che inicial calibracion verification sample, an initial 
calibration blank (1GB) must be analyzed, wich results below the 
detection limit, before the analysis of samples. Similarly, 
continuting blanks (CCB's) will be analyzed along with the CCV's 
afLer every ~en samples, wi~h the same result limit. 

VIII. REPORTING REQUIREMENTS 

For each case of samples analyzed, the following must be submitted: 

The appropriate final report: 

A copy of the ra'W data from analyt.e's notebook. 

lX. SAHTY 

~ear safety glasses, lab coat and gloves at all times. ~ash hands 
thoroughly after removing gloves. 
Use caution vhen handling strong acids and bases. 
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SCOPE AND APPLICATION 

This SOP describes the determination of tetra-, penta-, hexa-, 
hepta-, and octachlorinated dibenzo-p-dioxins (PCDD's) and 
dibenzofurans ( PCDF' s) in chemical waste extracts using 
computerized high resolution Gas Chromatography/Mass Spectrometry. 

The sensitivity of this method is dependent upon the level of 
interferents within a given matrix. Proposed quantification 
levels for target analytes were 2 ppb in soil samples, up to 10 
ppb in other solid wastes and 10 ppt in water. 

Certain 2,3,7,8-substituted congeners are used to provide 
calibration and method recovery information. Proper column 
selection and access to reference isomer standards, may in certain 
cases, provide isomer specific data. Special instructions are 
included which measure 2,3,7,8-substituted congeners. 

This method is specific for the following A-Types: 

1 AP9/PCDX, 2 AP9/PCDX, 1 PCDX/8280, 2 PCDX/8280, 3 PCDX/8280, 
4 PCDX/8280, IS0/2378. 

SUMMARY OF METHOD 

Environmental samples are extracted and prepared for analysis 
following the procedures outlined in ETC SOP EX411900. The GC/MS 
instrument is calibrated for mass assignment, abundance, 
instrument response, and chromatographic retention time using PCDD 
and PCDF reference standard solutions (Cl 4-Cl 8 ) which have been 
internal standardized with 13C labeled analogs of several PCDD and 
PCDF reference compounds. The prepared sample extracts (which 
have been internal standardized prior to extraction) are also 
analyzed by GC/MS. PCDDs and PCDFs detected in the extracts which 
meet specific criteria are qualitatively and quantitatively 
identified using chromatographic relative retention time 
information, mass abundance information, and calibration response 
factors. 

INTERFERENCES 

Sol vents, reagents, glassware and other sample processing hardware 
may yield discrete artifacts and/or elevated baselines which may 
cause misinterpretation of chromatographic date. All these 
materials must be demonstrated to be free from interferents under 
the conditions of analysis by running laboratory method blanks. 
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The use of high purity reagents and solvents help to minimize 
interference problems. Purification of solvents by distillation 
in all glass systems may be required. 

Interferents co-extracted from the sample will vary considerably 
from source to source, depending upon the industrial process being 
sampled. PCDD' s and PCDF' s are often associated with other 
interfering chlorinated compounds such as PCB's and 
polychlorinated diphenyl ethers which may be found at 
concentrations several orders of magnitude higher than that of the 
analytes of interest. Retention times of target analytes must be 
verified using reference standards. These values must correspond 
to the retention time windows established. While certain cleanup 
techniques are provided as part of this method, unique samples may 
require additional cleanup techniques to achieve the method 
detection limit. 

High resolution capillary columns are used to resolve as many PCDD 
and PCDF isomers as possible; however, no single column is know 
to resolve all of the isomers. 

SAFETY 

Human Toxicology 

4 .1.1 

4 .1. 2 

The human toxicology of PCDD/PCDF is not well defined at 
present, although the 2,3,7,8-TCDD is a solid at room 
temperature, and has a relatively low vapor pressure. 
The solubility of this compound in water is only about 
200 part-per-trillion, but the solubility in various 
organic solvents ranges from 0.001 percent to 0.14 
percent. 

On the basis of the available toxicological and physical 
property data and TCDD, this compound, as well as the 
other PCDD and PCDF, should be handled only by highly 
trained personnel who are thoroughly versed in the 
appropriate procedures, and who understand the associated 
risks. 

4.2 Safety Equipment 

4.2.1 Safe Lab Practice 

PCDD/PCDF and samples containing these are handled using 
essentially the same techniques as those employed in 
handling any contaminated environmental sample. Well
ventilated, controlled-access laboratories are required, 
and laboratory personnel entering these laboratories 
should wear appropriate safety clothing. 
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Protective Clothing 

Eye protection equipment must be worn at all times while 
working in the analytical laboratory with PCDD/PCDF. 
Various types of gloves can be used by personnel, 
depending upon the analytical operation being 
accomplished. Latex gloves are generally utilized, when 
handling samples. 

Other Lab Safeguards 

Benches and other work surfaces in the laboratory should 
be covered with plastic-backed absorbent paper during all 
analytical processing. The effluent from mechanical 
vacuum pumps and gas chromatographs on the mass 
spectrometers should be vented to the atmosphere 
preferably only after passing through HEPA particulate 
filters and vapor-sorbing charcoal. 

4.3 Disposal 

S.l 

All laboratory ware, safety clothing, and other items potentially 
contaminated with PCDD, PCDF in the course of analyses must be 
carefully secured and subjected to proper disposal. When 
feasible, liquid wastes are concentrated, and the residues are 
placed in approval steel hazardous waste drums fitted with heavy 
gauge polyethylene liners. Glass and combustible items are 
compacted using a dedicated trash compactor used only for 
hazardous waste materials and then placed in the same type of 
disposal drum. Disposal of accumulated wastes is periodically 
accomplished by high temperature incineration of EPA-approved 
facilities. 

APPARATUS AND MATERIALS 

Gas chromatograph/mass spectrometer data system. 

5 .l.l 

5.l.2 

Gas Chromatograph: An analytical system with a 
temperature-programmable gas chromatograph and all 
required accessories including syringes, analytical 
columns and gases. 

Fused silica capillary columns. 

5.l.2.l Capillary columns which provide separation of 
2,3,7,8 TCDD from all other TCDD isomers 
equivalent to that specified in Section 6. 3 
must be used; this separation must be 
demonstrated and documented using the 
performance test mixture described in Section 
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5 .1. 3 

5 .1. 4 

5 .1. 5 

6. 3. The following columns have been 
demonstrated to meet the separation criteria 
specified in Section 6.3. DB-5 is employed by 
ETC as the column of choice for dioxin analysis 
unless special applications explicitly require 
the use of an alternate column. 

(a) DB-5 (60-m x 0.25-mm I.D.; 0.25-um film 
thickness) 

(b) 50-m CP-Sil-88 
(c) 30-m SP-2250 

Mass Spectrometer: A low resolution instrument is 
specified, utilizing 70 volts (nominal) electron energy 
in the electron impact ionization mode. The system must 
be capable of selected ion monitoring (SIM) for at least 
11 ions (simultaneously) with a cycle time of 1 second 
or less. Minimum integration time for SIM is 50 ms per 
m/z. The use of systems not capable of monitoring 11 
ions simultaneously will require the analyst to make 
multiple injections. 

GC/MS Interface 

Direct Interface of column exit into source: 

Transfer Line Temp: 
Source Temp: 
Analyzer Temp: 

300°C 
265°C 
250°C 

Data system: A computer system must be interfaced to the 
mass spectrometer. The system must allow for the 
continuous acquisition and storage on machine-readable 
media of all data obtained throughout the duration of the 
chromatographic program. The computer must have software 
that can search any GC/MS data file for ions of a 
specific mass and can plot such ion abundances versus 
time or scan number. This type of plot is defined as an 
Selected Ion Current Profile (SICP) . Software must also 
be able to integrate the abundance in any SICP, between 
specified time or scan number limits. 

Pipets-Disposable, Pasteur, 150-mm long x 5 mm I.D. 
Scientific Company, No. 13-678-6A, or equivalent). 

(Fisher 

5. 2. 1 Pipet, disposable, serological 10 ml (American Scientific 
Products No. P4644-10 or equivalent) for preparation of 
the carbon column. 
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5.3 Reacti-vial 2 ml, amber glass (Pierce Chemical Company). These 
should be silanized prior to use. 

5.4 

6.1 

6.2 

Filter paper, 18 em circles. 

REAGENTS AND STANDARD PREPARATION 

Prepare stock standards in a glove-box from concentrates or neat 
materials. The stock solutions and standards are stored in an 
isolated refrigerator at 4°C and protected from light and then 
checked frequently for signs of degradation or evaporation 
especially just prior to the preparation of working standards. 
Calibration standard solutions must be replaced routinely after 
six month. 

The method for standards preparation is described in detail in ETC 
SOP number EX600600, Preparation of Standards for PCDX analysis. 

Calibration Standards (CALSTDS) 

6.2.1 Five levels of standards for initial calibration are 
required as follows: 

Analyte Function CC1 CC2 CC3 CC4 CC5 

2378-TCDD Native 0.2 0.5 1.0 2.0 5.0 
12378-PCDD Native 0.2 0.5 1.0 2.0 5.0 
123678-HXCDD Native 0.2 0.5 1.0 2.0 5. 0 
1234678-HPCDD Native 0.2 0.5 1.0 2.0 5.0 
12346789-0CDD Native 0.2 0.5 1.0 2.0 5.0 

2378-TCDF Native 0.2 0.5 1.0 2.0 5.0 
12378-PCDF Native 0.2 0.5 1.0 2.0 5. 0 
123478-HXCDF Native 0.2 0.5 1.0 2.0 5.0 
1234678-HPCDF Native 0.2 0.5 1.0 2.0 5.0 
12346789-0CDF Native 0.2 0.5 1.0 2.0 5.0 

37C142378-TCDD SURR 0.06 0.12 0.20 

13C122378-TCDD ISTD 0.5 0.5 0.5 0.5 0.5 
12C12123678-HXCDD ISTD 0.5 0.5 0.5 0.5 0.5 
13C121234 67 89 -OCDD ISTD 1.0 1.0 1.0 1.0 1.0 
13C122378-TCDF ISTD 0.5 0.5 0.5 0.5 0.5 
13C121234678-HPCDF ISTD 0.5 0.5 0.5 0.5 0.5 

13C121234-TCDD RSTD 0.5 0.5 0.5 0.5 0.5 
13C12123789-HXCDD RSTD 0.5 0.5 0.5 0.5 0.5 
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Performance Check Standard (PCSTD) 

The column performance check solution contains 6 
unlabeled TCDD isomers and the labeled recovery standard. 
The mixture is used to verify chromatographic separation 
and demonstrate TCDD isomer resolution. The mixture, 
which is commercially obtained from Cambridge Isotope 
Laboratories, contains the following compounds: 

1,2,3,4 TCDD 10 ug/ml 
1,2,3,7 TCDD 10 ug/ml 
1,2,3,8 TCDD 10 ug/ml 
1,2,7,8 TCDD 15 ug/ml 

1,4,7,8 TCDD 15 ug/ml 
2,3,7,8 TCDD 10 ug/ml 
1,2,3,4 TCDD 10 ug/ml (C13

) 

Window STD 

6. 2. 3 .1 Contains 8 pairs of isomers, one pair for each 
tetra-through dioxin/furan congener group. 
Each pair of isomers consists of the earliest 
and latest eluting isomer for a specific 
congener. This standard is used to define the 
retention time "windows" in which the 
dioxin/furan native compounds will appear. 

6.3 Spiking Standards 

6.3.1 

6.3.2 

PCDX SURR/ISTD Spike (SP2) 

Compound 
13 

13
C12 2, 3, 7, 8-TCDD 
C12 1, 2, 3, 6, 7, 8- HXCDD 

13 C - OCDD 13 12 

13
C12 2,3,7,8-TCDF 
C12 1,2,3,4,6,7,8-HpCDF 

Concentration 
0.5 
0.5 
1.0 
0.5 
0.5 

Spiked into each sample and replicate. 

Blank and Matrix Spike Solution (SP1) 

ComDound 

2,3,7,8-TCDD 
1,2,3,7,8-PeCDD 
1,2,3,4,7,8-HxCDD 
1,2,3,4,6,7,8-HpCDD 
1,2,3,6,7,8-0CDD 
2,3,7,8-TCDF 
1,2,3,7,8-PeCDF 
1,2,3,4,7,8-HxCDF 
1,2,3,4,6,7,8,9-0CDF 

Concentration 

0.5 
0.5 
0.5 
0.5 
1.0 
0.5 
0.5 
0.5 
0.5 
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nc 
13 12 c 
13 12 c 
13 12 c 
13 12 

c,2 

2,3,7,8-TCDD 
1,2,3,6,7,8-HXCDD 
- OCDD 
2,3,7,8-TCDF 
1,2,3,4,6,7,8-HpCDF 

0.5 
0.5 
1.0 
0.5 
0.5 

Spiked into each blank and matrix spike. 

Recovery Standard (RSTD) 

The recovery standard is spiked into each extract 
(samples, blanks, and spikes) prior to GC/MS analysis to 
determine recovery of internal standards. 

Comoound 
13C12123 4- TCDD 
13C1212 3 7 89- HxCDD 

Concentration (ug/ml) 
10 
10 

INSTRUMENT SETUP AND CALIBRATION 

Two types of calibration procedures are required. One type, 
initial calibration, is required before any samples are analyzed 
and is required intermittently throughout sample analyses as 
dictated by results of routine calibration procedures described 
below. The other type, continuing calibration, consists of 
analyzing the column performance check solution and a 
concentration calibration solution of 500 ng/ml. (Paragraph 6.2). 
No samples are to be analyzed until acceptable calibration as 
described in Paragraph 6. 3 and 6. 6 is demonstrated and documented. 

Initial GC/MS setup. Establish operating parameters for the GC/MS 
system; the instrument must be tuned to meet the isotopic ratio 
criteria listed in the table in Sec 7.1.3 for PCDD's and PCDF's. 
Do not proceed with calibration and analysis if this isotopic 
criteria is not achieved. 

7.2.1 Chromatographic Conditions 

7.2.1.1 For 2,3,7,8-TCDD: 

Injector port: 
Oven Temp 1: 
Oven Time: 
Oven Temp Rate 1: 
Oven Temp 2: 
Oven Time: 

50m CPSil-88 Column 

300°C 
150°C 
1.0 min. 
4. 0°C/min. 
235°C 
20 min. 
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Group 1 
Start/Stop 
20.00 30.00 
MZ Dwell 

243.0 25 
)7.0 25 

.. :59.0 25 
277.0 25 
293.0 25 

7.2.l.2 Alternative Conditions for 2,3,7,8-TCDD: 

60m x .25 mm x .25 u film FSOT DB-5 column 
Same temperature conditions as in 7.1.1.1. 

7.2.l.3 Conditions for tetra- through octa- PCDX, 
2,3,7,8-substituted specific: 

60m x .25 mm x .25 u film FSOT DB5 column 

Injector port: 300°C 
Oven Temp 1 : 150° min. 
Time 1: 1 min. 
Oven Temp Rate 1 : o I . 4 C m1.n. 
Oven Temp 2: 240°C 
Time 2: 7.5 min. 
Oven Temp Rate 2: 30°C/min. 
Oven Temp 3: 340°C min. 
Time 3: 24 min. 

7.2.2 Mass Spectrometer Operational Parameters for 2, 3, 7, 8-
TCDD: 

MS Scan Parameters 
Start/Stop 
20.00 40.00 

MZ 
257.0 
259.0 
320.0 
322.0 
328.0 
332.0 
334.0 

Dwell (milliseconds) 
100 
100 
100 
100 
100 
100 
100 

7.2.3 Mass Spectrometer Operational Parameters for all other 
PCDX analyses. Establish selected ion monitoring groups 
as follows: 

Group 2 Group 3 Group 4 Group 5 
Start/Stop Start/Stop Start/Stop Start/Stop 
33.04 35.65 35.65 37.53 37.53 39.72 39.72 42.72 
MZ Dwell MZ Dwell MZ Dwell MZ Dwell 

277.0 25 277.0 25 31l. 0 25 345.0 25 
293.0 25 293.0 25 327.0 25 361.0 25 
31l. 0 25 311.0 25 345.0 25 379.0 25 
320.0 25 327.0 25 361.0 25 395.0 25 
322.0 25 338.0 25 372.0 25 406.0 25 
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304.0 
306.0 
316.0 
318.0 
320.0 
322.0 
328.0 
332.0 
334.0 
338.0 
340.0 
354.0 
356.0 
376.0 
410.0 

25 327.0 25 340.0 25 374.0 25 408.0 25 
25 338.0 25 354.0 25 376.0 25 410.0 25 
25 340.0 25 356.0 25 388.0 25 420.0 25 
25 342.0 25 372.0 25 390.0 25 422.0 25 
25 354.0 25 374.0 25 392.0 25 424.0 25 
25 356.0 25 376.0 25 402.0 25 426.0 25 
25 358.0 25 388.0 25 404.0 25 436.0 25 
25 372.0 25 390.0 25 406.0 25 438.0 25 
25 374.0 25 392.0 25 408.0 25 442.0 25 
25 376.0 25 402.0 25 410.0 25 444.0 25 
25 388.0 25 404.0 25 420.0 25 458.0 25 
25 390.0 25 408.0 25 422.0 25 460.0 25 
25 392.0 25 410.0 25 424.0 25 470.0 25 
25 410.0 25 424.0 25 426.0 25 472.0 25 
25 446.0 25 446.0 25 480.0 25 514.0 25 

Once tuning and mass calibration procedures have been completed, a 
colunm performance check: mixture containing the isomers listed below 
should be injected into the GC/MS system: 

TCDD 
PeCDD 
HxCDD 
OCDD 
TCDF 
PeCDF 
HxCDF 
HpCDF 
OCDF 

7.2.4 

PCDD's 
Tetra 
Penta 
Hexa 
Hepta 
Oct a 

PCDF's 
Tetra 
Penta 
Hexa 
Hepta 
Oct a 

1,3,6,8; 1,2,8,9; 2,3,7,8; 1,2,3,4; 1,2,3,7; 1,2,3,9 
1,2,4,6,8; 1,2,3,8,9 
1,2,3,4/6,9; 1,2,3,4,6,7; 1,2,4,6,7,9; 1,2,4,6,8,9 
1,2,3,4,6,7,8,9 
1,3,6,8; 1,2,8/9 
1,3,4/6,8; 1,2,3,8,9 
1/2,3,4,6,8; 1,2,3,4,8,9 
1,2,3,4,6,7/8; 1,2,3,4,7,8,9 
1,2,3,4,6,7,8,9 

Insure that the following isotopic ratios are achieved: 

Native 
Selected Ions m/z Relative Intensity 

Native 13C 
320/322 (332/334) 0.65 - 0.89 
354/356 (366/368) 0.55 0.75 
392/390 (404/402) 0.69 0.93 
426/424 (438/436) 0.83 1.12 
458/460 (454/456 0.75 1. 01 

Native 13C 
304/306 (316/318) 0.65 0.89 
338/340 (350/352) 0.55 - 0.75 
376/374 (388/386) 0.69 - 0.93 
410/408 (422/420) 0.83 1.12 
442/444 (454/456) 0.75 - 1. 01 
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7.2.5 Window Standard 

The window standard contains the earliest and latest eluting 
isomers of each congener group. Inject to establish retention 
time windows. The window standard must be run prior to all PCDX 
batches (more specifically - at the beginning of any PCDX sequence 
file) . Scan start/stop times must be adjusted for any 
chromatographic shifts observed in the window defining mixture. 

7.2.6 Performance Check Standard (PC STD) 

Contains 6 TCDD isomers. Used to verify instruments 
separation and resolution capabilities. 

7. 2. 6. 1. PC STDs must bracket any samples (including CC2 STD) , 
and must have injection times within 12 hours of each 
other, i.e., if PC at the beginning of sample run in 
injected at 11:14, a "post-sample(s)" PC must be injected 
before 23:14. (NOTE: Average run time for PCDX analysis 
is 45-50 Min.). 

7.2.6.2 Insure that 2,3,7,8- and 1,2,3,4-TCDD are resolved with 
a valley ~ 25% where 

Valley % .J..Xl X 100 
y 

as shown on the ion profile included in the Appendix. 

7.3 Initial Calibration 

7.3.1 

7.3.2 

Analyze each of the 5 calibration standards (6.2.1) in 
triplicate using 2ul injections. All injections of 
standards, sample extracts and blank extracts must also 
be made at this injection volume. 

7.3.1.1 Acceptable ion sensitivity is verified by 
achieving a minimum signal-to-noise ration of 
50:1 for the m/z 320 ion of 2,3,7,8-TCDD 
obtained from injection of the 200 ng/ml 
calibration standard. 

Calculate the relative response factors (RRF's) of 
analytes vs. the appropriate internal standards, as 
described below. Relative response factors for the 
hepta- and acta-chlorinated CDD's and CDF's are to be 
calculated using the corresponding 13C12 -octachlorinated 
standards. 
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Relative response factors are calculated 
obtained from the analysis of multi -level 
standards according to the equation: 

RRF=l),s~is 
Ais X Cs 

Where: 

using data 
calibration 

As= Area of quantitation ion of the compound of interest. 

Area of quantitation ion of the appropriate internal 
standard (m/z 334 for 13C12 -2,3,7,8-TCDD; m/z 472 for 13 C12 -0CDD) . 

C;s= Concentration of the internal standard. 

Cs = Concentration of the compound of interest. 

The concentrations of unknown isomers of TCDD shall be 
calculated using the mean RRF determined for 2, 3, 7, 8-
TCDD. 

The concentrations of unknown isomers of PeCDD shall be 
calculated using the mean RRF determined for 1,2,3,7,8-
PeCDD of any available 2,3,7,8-X-PeCDD isomer. 

Acceptable SIM sensitivity is verified by achieving a 
minimum signal-to-noise ratio of 50:1 for the m/z 320 ion 
of 2,3,7,8-TCDD obtained from injection of the 200 ng/mL 
calibration standard (CC1). 

Calculate the mean relative response factor and the 
relative standard deviator from the triplicate 
determinations of each calibration standard ( CCl and CCS) 
as follows. 

7.3.3.1 

Where: 

Average response 
analysis. 

3 
RRF; 

i=l 
3 

factor for triplicate 

The response factor for the calibration 
standard from an individual determination. 
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The average response factor for the triplicate 
analysis. 

Relative Standard Deviation 

3 

RSD1 i-1 

2 X 100 

Relative standard deviation for the triplicate 
analysis 
Defined as above 
Defined as above 

The relative standard deviation for the 
triplicate analysis must not exceed 15%. 
Perform corrective action before proceeding 
with analysis if this criteria is not achieved. 

Calculate the mean response factor 
standard deviation for each individual 
entire calibration curve as follows: 

and the relative 
standard for the 

7.3.4.1 

Where: 

7. 3. 4. 2 

Average response factor for the complete 
calibration range (CC1 - CC5). 

5 

5 

Mean response factor for the calibration range 
for an individual analyte. 

The average response factor for the triplicate 
analysis of the individual standard from 
7.3.3.1. 

Relative Standard Deviation for the calibration 
range. 
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5 

RSD, i=1 

4 

Relative standard deviation for the calibration 
range 
Defined as above (7.3.4.1) 
Defined as above (7.3.4.1) 

The relative standard deviation for the 
calibration curve must not exceed 15%-. Perf om 
corrective action before proceeding with 
analysis if this criteria is not achieved. 

7.4 Continuing Calibration 

Continuing calibration consists of analyzing the column 
performance check solution and a concentration calibration 
solution of .500 ng/uL (500 ppb) No samples are to be analyzed 
until acceptable calibration is demonstrated and documented. 

7.3.1 Inject a 
mixture. 
peak and 
the ions 

NOTE: 

2 ul aliquot of the column perfomance check 
Acquire at least five data points for each GC 

use the same data acquisition time for each of 
being monitored. 

The same data acquisition parameters previously 
used to analyze concentration calibration 
solutions during initial calibration must be 
used for the performance check solution. The 
column perfomance check solution must be run 
at the beginning and end of the 12 hour period. 
If the contractor laboratory operates during 
consecutive 12 hour periods (shifts), analysis 
of the performance check solution at the 
beginning of each 12 hour period and at the end 
of the final 12 hour period is sufficient. 

Detemine and document acceptable column performance as 
described in Paragraph 7.1.5.2. 
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7.4 Inject a 2 ul aliquot of the calibration standard solution (CC2 
STD) at 500 ng/ml at the beginning of the 12 hour period. 
Determine and document acceptable calibration as specified 
(sensitivity and relative ion abundance). The measured RRF's of 
all analytes must be within ± 30 percent of the mean values 
established by initial analyses of the calibration standard 
solutions. 

8.1 

8.2 

8.3 

8.4 

QUALITY CONTROL 

Before processing any samples, the analyst must demonstrate 
through the analysis of a method blank that all glassware and 
reagents are interferant-free at the method detection limit of 
the matrix of interest. Each time a set of samples is extracted, 
or there is a change in reagents, a method blank must be processed 
as a safeguard against laboratory contamination. 

A laboratory "method blank" must be run along with each analytical 
batch (20 or few samples). 

GC column performance must be demonstrated initially and verified 
prior to analyzing any sample in a 12 hour period. The GC column 
performance check solution must be analyzed under the same 
chromatographic and mass spectrometric conditions used for other 
samples and standards. 

Accuracy and Precision 

8.4.1 

8.4.2 

8. 4. 3 

8.4.4 

Recovery from a blank spike for all analytes must be 
within 60% to 140%. 

Recovery of internal standards in all samples must be 
within 40% and 120%. 

8.4.2.1 If the recovery of any internal standard is 
outside the criteria, the sample must be re
extracted and re-analyzed. 

Recovery from matrix spike for all analytes must be 
within 60% and 140%. 

Replication of duplicate samples must be less than 50% 
RPD for 2,3,7,8-TCDD. The replication requirements of 
other PCDX is being developed. 

8.5 Summary of QC Samples 

Each analytical batch must containing the following QC samples: 

8.5.1 Method Blank 
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8.5.2 Blank Spike 

8.5.3 Matrix Spike 

8.5.4 Matrix Spike Duplicate 

GC/MS ANALYSIS 

Prior to the analysis of any standard or sample, clip the injector 
end of the column, removing approximately 1.5 to 2.0 inches of the 
column. Change the injector liner and the injector septum. Heat 
the oven to 300°C. 

Tune the instrument in MSCAL. 
follows: 

Adjust the parameter to tune as 

69 - 100%-
219 - 85%-
502 2-3%-

Begin the analytical sequence with a PC and CC2 calibration) . Check the percent valley in PC for 
2,3,7,8-TCDD. The two peaks must be resolved with 
~25%- as in 7.1.5. 

(Continuing 
1, 2, 3, 4 and 
a valley of 

9. 4 Check RRF' s in continuing calibration standard. The measured 
RRF' s of all analytes must be within _±30%- of the mean values 
established by initial calibration standard. Check for SIM 
sensitivity which must meet 50:1 signal to noise ratio for 
2,3,7,8-TCDD. Check for relative ion abundance which must meet 
the criteria (7.1.2). 

9.5 Run a window standard to set the retention time window for each 
congener. 

9. 6 Approximately one hour before HRGC/LRMS analysis, transfer an 
aliquot of the extract to a micro-vial. Add to this sufficient 
recovery standard (5ul of 13c121,2,3,4-TCDD and 5 ul of 13C12l23789-
HxCDD) to give a concentration of 500 ng/ml. The concentration 
of the recovery standards in the sample extract must be the same 
as that in the calibration standards used to measure the response 
factors. 

9.7 Analyze samples and standards with selected ion monitoring, using 
all of the ions listed in 7.3.2. It is recommended that the GC/MS 
run be divided into the five selected ion monitoring groups 
identified in 7.3.2. 
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9.8 It is recommended that selected ion monitoring section 1 should 
be applied during the GC run to encompass the retention window of 
the first and last eluting tetra-chlorinated isomers. If a 
response is observed at m/z 340 or 356, then the GC/MS analysis 
must be repeated; selected ion monitoring section 2 should then 
be applied to encompass the retention window of the first and last 
eluting penta-chlorinated isomers. NOTE: HxCDE, HpCDE, OCDE, 
NCDE, DCDE, are abbreviations for hexa-, hepta-, octa-, nona-, and 
decachlorinated diphenyl either, respectively. 

9.9 Identification Criteria for PCDD's and PCDF's 

10.1 

9.9.1 

9.9.2 

9.9.3 

9.9.4 

All of the characteristic ions, i.e., quantitation ion, 
confirmation ions, listed above for each class of PCDD 
and PCDF, must be present in the reconstructed ion 
chromatogram. It is desirable that M COCl ion be 
monitored as an additional requirement. Detection limits 
will be based on quantitation ions within the molecules 
in cluster. 

The maximum 
characteristic 
seconds. 

intensity of each of the 
ions must coincide within 2 

specified 
scans or 2 

The relative intensity of the selected, isotopic ions 
within the molecular cluster of a homologous series of 
PCDD' s of PCDF' s must lie within the range specified 
above. 

The GC peaks assigned to a given homologous series must 
have retention times within the window established for 
that series by window standard solution. 

CALCULATIONS 

Determine the concentration of individual PCDD/PCDF isomers using 
the equation: 

Concentration, ng/g 
__Q;,~,~
G x A;, x RRF 

Where: 

Q = 
" 

G 

ng of internal standard 13 C12 -2,3,7,8-TCDD, added to the 
sample before extraction. 

g of sample extracted 

are of quantitation of the compound of interest 
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NOTE: 

Response factor of the quantitation ion of the compound 
of interest relative to m/z quantitation ion of 13c 
labeled internal standard 

Any dilution 
calculation. 

factor should be applied to this 

The concentrations of detected isomers of TCDD shall be calculated 
using the mean RRF determined for 2, 3, 7, 8- TCDD and the area of the 
quantitation ion from the internal standard 13C12 2,3,7,8-TCDD. 

The concentrations of unknown isomers of PeCDD shall be calculated 
using the mean RRF determinate for 1,2,3,7,8-PeCDD and the area 
of the quantitation ion from the internal standard 13c 12 1,2,3,6,7,8-HXCDD. 

The concentrations of unknown isomers of HxCDD shall be calculated 
using the mean RRF determined for 1,2,3,4,7,8-HxCDD and the area 
of the quanti tat ion ion from the internal standard 13C12 1,2,3,6,7,8-HXCDD. 

The concentration of unknown isomers of HpCDD shall be calculated 
using the mean RRF determined for 1, 2, 3, 4, 6, 7, 8 -HpCDD and the area 
of the quanti tat ion ion from the internal standard 13c12 1,2,3,6,7,8-HXCDD. 

The concentration of unknown isomers of TCDF shall be calculated 
using the mean RRF determined for 2, 3, 7, 8-TCDF and the area of the 
quantitation ion from the internal standard 13C12 2,3,7,8-TCDF. 

The concentration of unknown isomers of PeCDF shall be calculated 
using the mean RRF determined for 1, 2, 3, 7, 8- PeCDF or any available 
2,3,7,8,X-PeCDF isomer the internal standard 13C12 2,3,7,8-TCDF. 

The concentration of unknown isomers of HxCDF shall be calculated 
using the mean RRF determined for 1,2,3,6,7,8-HpCDF and the area 
of the quanti tat ion ion from the internal standard 13C12 1,2,3,4,6,7,8-HpCDF. 

The concentration of unknown isomers of HpCDF shall be calculated 
using the mean RRF determined for 1, 2, 3, 4, 6, 7. 8- HpCDF and the area 
of the quantitation ion from the internal standard 13c 12 1,2,3,4,6,7,8-HpCDF. 

The concentration of the octa-CDD and octa-CDF shall be calculated 
using the mean RRF determined for each and the area of the 
quantitation ion from the internal standard. 
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10.3 

10.4 

10.5 

11.0 

11.1 

11.2 

If the concentration of any analyte in any sample falls outside linear range, the sample must be re-extracted and re-analyzed using a smaller sample size. 

Calculate the percent recovery, Ris' for each internal standard in the sample extract, using the equation: 

= 100% 

A;s Area of g;:antitation ion (m/z 334) of the recovery standard c12 -l, 2, 3, 4 -TCDD. 

13 ng of recovery standard, C12 -1,2,3,4-TCDD, added to the extract. 

The response factor for determination of recovery is calculated using data obtained from the analysis of the multi-level calibration standards according to the equation: 

A. X C -Js--rs 
RF = r Ars X Cis 

Calculation of total concentration of all isomers within each homologous of PCDD's and PCDF's. 

Total concentration 
or PCDF's 

Sum of the concentrations of PCDD's 
the individual PCDD or PCDF isomers. 

METHOD DETECTION LIMIT (MDL) 

The MDL values reported in QR table is calculated from the Maximum Possible Concentration (MPC) . 

The MPC is the concentration of the target analyte required to produce a signal with a peak height of 2.5 times the background signal level. 

Where: 

w 

MPC 2.5 X A,_ X Qis 

Peak height of noise of the selected ion 
Quantity (ng) of Internal Standard (I.S.) added to the sample before extraction. 
Weight (g) of volume (L) of sample extracted 
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11.3 

11.4 

12.0 

12.1 

12.2 

12.3 

12.4 

l2. 5 

MPC is automatically calculated by procedure file PH#2. 

Where # ~ Instrument ID 

The program calculates MPC based on a few noise peaks in the 
selected window. The MPC is reported as the MDL for all PCD and 
PCDFs. 

SUPPLEMENTAL DOCUMENTS AND REFERENCES 

Test Methods for Evaluating Solid Waste, SW-846 Third Edition, 
November 1986. Method 8280, Revision 0. 

ETC Safety Manual 

ETC Sample and Hazardous Waste Disposal SOP #ED201001
1 
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The Preparation of Standard Solutions for PCDD/PCDF Analysis by 
SW-846, SOP number EX600600 1 or t ...... ~.rrr~v'J''~. 

The Extraction and Cleanup of Environmental waste Samples for 
PCDD/PCDF Analysis by SW- 846, ETC SOP number EX41190JY", ""',.... /...._-r~.s-r-
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Ed<<; ?'---...: A~ a ~;. 

j?JZ.;.. ·~ 'j/~£/A/..7" 
!/-TI>r 



APPENDICES 

Attachment 7.2.6.2 Ion Profile Chart 
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1.1 

1.2 

1.3 

1.4 

2.1 

SCOPE AND APPLICATION 

This SOP describes the method which is applicable for the 
extraction and cleanup of tetra-, penta-, hexa-, hepta-, and 
octachlorinated dibenzo-p-dioxins (PCDD's) and furans (PCDF's) 
from complex industrial waste samples (including sludges, still 
bottoms, fly ash, soil, and water) by SW-846 Method 8280. 

Additional extract cleanup techniques beyond those described in 
SW-846 are included as alternatives for sample extracts w~ich are 
not amenable to cleanup using SW-846 procedures. 

This SOP is applicable to the following A-Types: 

1 AP9/PCDX, 2 AP9/PCDX, 1 PCDX/8280, 2 PCDX/8280, 7 MSL/?CDK, 
1 TCDD/2378, 2 TCDD/2378. 

Because of the extreme toxicity of these compounds, ::he lab 
technician must take necessary precautions to prevent exposure to 
himself, or to others, of materials known or believed to certain 
PCDD' s or PCDF' s. Detailed safety procedures are outC.:'.ned in 
section 4. 0. Reference the ETC Safety Manual for adC.:'.tional 
safety information. 

SUMMARY OF METHOD 

This SOP describes matrix specific extraction and cleanup 
procedures for polychlorinated dibenzo-p-dioxins (dioxi~s) and 
polychlorinated dibenzofurans (furans) in complex enviro~ental 
samples. Solvent extraction procedures are detailed for sludge, 
fuel oil, still bottoms, fly ash, soil, and water usin~ reflux 
extraction, soxhlet extraction, jar shaking, and liquiC./1 iquid 
separatory funnel extraction. Specific extract cleanup procedures 
including acid and basic extract washing, basic/neutral/acidic 
silica gel chromatography, alumina liquid chromatograp:Cy, and 
carbon column liquid chromatography, are described for various 
"interferents" which may be co-extracted from the sample. 

2.2 Method selection is based on the analysts judgement of matrix 
type and the constituency of co-extracted interferents. 

3.1 

INTERFERENCES 

Solvents, reagents, glassware and other sample processing r.ardware 
may yield discrete artifacts and/or elevated baselines wcich may 
cause misinterpretation of chromatographic date. AL. these 
materials must be demonstrated to be free from interferents under 
the conditions of analysis by running laboratory method ~~anks. 
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3. 2 The use of high purity reagents and solvents help to minimize 
interference problems. Purification of solvents by distillation 
in all glass systems may be required. 

3.3 Interferents co-extracted from the sample will vary considerably 
from source to source, depending upon the industrial process 
being sampled. PCDD's and PCDF's are often associated with other 
interfering chlorinated compounds such as polychlorinated 
biphenyls (PCB's) and polychlorinated diphenyl ethers which may 
be found at concentrations several orders of magnitude higher 
than that of the analytes of interest. 

3.4 Aqueous samples cannot be aliquoted from sample containers. The 
entire sample must be used and the sample container washed/rinsed 
out with the extracting solvent. 

4.1 

4.2 

SAFETY 

Material Safety Data Sheets (MSDS) are available for the chemicals 
used in the laboratory. All personnel who handle chemicals must 
know where this information is maintained and must be familiar 
with the MSDS information. 

All personnel must have attended safety training prior to 
performing operations in the laboratory in accordance with the 
laboratory Chemical Hygiene Plan (CHP) as per 29 CFR. 

4.3 Any individual who enters a posted area of the laboratory must 
wear safety glasses with side shields. 

4.4 Any individual who handles samples and/or chemicals must wear a 
laboratory coat and the appropriate gloves for the operation 
being performed. 

4. 5 All laboratory areas must be maintained in a neat and orderly 
fashion. Good housekeeping practices must be employed throughout 
the laboratory. Laboratory work surfaces, equipment, and 
instruments must be kept free of residual chemical and/or sample 
contamination. 

4.6 Human Toxicology 

4.6.1 The human toxicology of PCDD/PCDF is not well defined at 
present, although the 2,3,7,8-TCDD is a solid at room 
temperature, and has a relatively low vapor pressure. 
The solubility of this compound in water is only about 
200 part-per-trillion, but the solubility in various 
organic solvents ranges from 0.001 percent to 0.14 
percent. 
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4.6.2 On the basis of the available toxicological and physical 
property data and TCDD, this compound, as well as the 
other PCDD and PCDF, should be handled only by highly 
trained personnel who are thoroughly versed in the 
appropriate procedures, and who understand the associated 
risks. 

4.7 Safety Equipment 

4.7.1 

4.7.2 

4.7.3 

Safe Lab Practice 

PCDD/PCDF and samples containing these are handled using 
essentially the same techniques as those employed in 
handling any contaminated environmental sample. Well
ventilated, controlled-access laboratories are required, 
and laboratory personnel entering these laboratories 
should wear appropriate safety clothing. 

Protective Clothing 

Eye protection equipment must be worn at all times while 
working in the analytical laboratory with PCDD/PCDF. 
Various types of gloves can be used by personnel, 
depending upon the analytical operation being 
accomplished. Latex gloves are generally utilized, when 
handling samples. 

Other Lab Safeguards 

Benches and other work surfaces in the laboratory should 
be covered with plastic-backed absorbent paper during all 
analytical processing. 

4.8 Disposal 

5.1 

5.2 

All laboratory ware, safety clothing, and other items potentially 
contaminated with PCDD and PCDF in the course of analyses must be 
carefully secured and subjected to proper disposal. Refer to ETC 
SOP for the Disposal of Laboratory Wastes number ED201001 for 
additional information. 

APPARATUS AND MATERIALS 
Bottle caps--threaded to screw onto the sample bottles. 
must be lined with Teflon. 

Caps 

Water bath--heated, 
temperature control 

concentric ring cover, capable of 
The bath should be used in a hood. 

5.3 Pipets-Disposable, Pasteur, Borosilicate glass; 9 inch. 
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5.3.1 Pipet, disposable, serological 10 ml. 

5.4 Amber glass bottle (250 ml Teflon-lined screw-cap) 

5.5 Reacti-vial 2 ml, amber glass. Silanized prior to use. 

5.6 500 ml Erlenmeyer flask fitted with Teflon stoppers. 

5.7 Wrist Action Shaker. 

5.8 125 ml and 2 L Separatory Funnels. 

5.9 500 ml Kuderna-Danish fitted with a 25 ml concentrator tube and 
3 ball Snyder column. 

5.10 

5.11 

5.12 

5.13 

5.14 

5.15 

5.16 

5.17 

5.18 

5.19 

5.20 

5.21 

5.22 

5.23 

5.24 

5.25 

Teflon boiling chips. Wash with hexane prior to use. 

300 mm x 10.5 mm glass chromatographic column fitted with Teflon 
stopcock. 

50 ml conical concentrator tubes. 

Adapters for concentrator tubes (14/20 to 19/22). 

Nitrogen blowdown apparatus (N-Evap reg. trademark) Teflon 
tubing connection to trap and gas regulator is required. 

Microflex conical vials .01 ml. 

Filter paper. Glass fiber filters or glass wool plugs are also 
recommended. 

Solvent reservoir (125 ml) Kontes: Special order item. 12.5 em 
diameter, compatible with gravity carbon column. 

250 ml beakers. 

Disposable aluminum weighing boats. 

100 ul gas tight syringes. 

Spatula (stainless steel). 

Waste Vessel (250 ml or larger) 

Glass wool. 

Taping rod (glass, stainless steel or teflon). 

Aluminum foil. 
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Red rubber bulbs (1.0 ml) 

Centrifuge tube racks. 

Crimp seal vials 100 ul (microvials) . 

Crimp seal caps 11 mm; teflon-lined. 

Crimper 11 mm. 

1000 ul graduated cylinder (Nalgene) . 

Soxhlet Extractor 

Condenser (to fit Soxhlet Extractor body) 

Boiling Flask: (500 ml; flat-bottom) 

Heating Mantle set up: 
Heating Mantle 
Heating Mantle Support 
Rheostat 
Multiple Outlet 

Carborundum Boiling Stones 

Cellulose Thimbles 

Spatula (stainless steel) 

Weighing Boats (aluminum) 

Tongs or tweezers 

REAGENTS AND STANDARDS 

PCDD/PCDF Standards 

Prepare stock standards in a glovebox using concentrates or neat 
materials. The stock solutions (50 ppm) are stored in the dark 
at 4°C, and then checked frequently for signs of degradation or 
evaporation especially just prior to the preparation of working 
standards. Reference ETC SOP number EX600600 for the Preparation 
of Standard Solutions for PCDD/PCDF Analysis by SW-846. 
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PCDX Internal Standard Spiking Solution (SP2). 

Compound 
!3 c C122, 3, 7, 8- T DD 
13 C121, 2, 3, 6, 7, 8- HXCDD 
13C OCDD 13 12 

13
C122, 3, 7, 8-TCDF 
C121, 2, 3, 4, 6, 7, 8- HpCDF 

PCDX Recovery Standard (RSTD) . 

Compound 
13C121234- TCDD 
13C12123789 -HxCDD 

Concentration (ug/ml) 
0.5 
0.5 
1.0 
0.5 
1.0 

Concentration (ug/ml) 
10 
10 

PCDX Blank and Matrix Spiking Solution (SP1) . 

Compound 
2,3,7,8-TCDD 
1,2,3,7,8-PeCDD 
1,2,3,4,7,8-HxCDD 
1,2,3,4,6,7,8-HoCDD 
1,2,3,6,7,8-0CDD 
2,3,7,8-TCDF 
1,2,3,7,8-PeCDF 
1,2,3,4,7,8-HxCDF 
h,2,3,4,6,7,8,9-0CDF 

13 
C12 2, 3, 7, 8- TCDD 
C12 1,2,3,6,7,8-HXCDD 

13C - OCDD 
13 12 

C12 2, 3, 7, 8-TCDF 
13C12 1, 2, 3, 4, 6, 7, 8 -HpCDF 

Concentration (uq/ml) 
0.5 
0.5 
0.5 
0.5 
1.0 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1.0 
0.5 
1.0 

Methylene chloride, High purity; distilled in glass. 

Activated anhydrous sodium sulfate (Na2So4) 

Methanol High purity; distilled in glass. 

Hexane; (U.V. grade). 

Neutral silica gel (activated) 60/200 mesh store in oven 
at 130°C. 

Acidic Sulfuric Acid (H2S04) Modified silica gel. 

Basic Sodium Hydroxide (NaOH) Modified silica gel. 
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7.0 

7.1 

7.2 

7.3 

6.4.8 

6. 4. 9 

Super Woelm Alumina I (Neutral) 80/200 mesh stored in a 
sealed container at room temperature in a desiccator over 
self-indicating silica gel. 

8% Methylene Chloride/Hexane (V/V) blend, high purity; 
distilled in glass. 

6.4.10 60% Methylene Chloride/Hexane (V/V) blend, high purity; 
distilled in glass. 

6.4.11 AX-21 Activated Carbon Mix. 

6 .4.12 50% (V/V) Methylene Chloride/Cyclohexane (V/V) blend, 
high purity; distilled in glass. 

6. 4.13 75/20/5 % (V /V /V) methylene chloride/Methanol/benzene, 
blend, high purity; distilled in glass. 

6.4.14 Zero Grade Nitrogen. 

6.4.15 Dodecane (Fluka Chemicals) 

6.4.16 Toluene, high purity; distilled in glass 

QUALITY CONTROL 

Before processing any samples, the analyst should demonstrate 
through the analysis of a reagent blank, that interferences from 
the analytical system, glassware and reagents are under control. 
Each time a set of samples is extracted or there is a change in 
reagents, a reagent blank should be processed as a safeguard 
against chronic laboratory contamination. The blank samples 
should be carried through all stages of the sample preparation 
and measurement steps. 

For each analytical batch (up to 20 samples), a reagent blank, 
matrix spike and matrix spike duplicate/duplicate must be analyzed 
(the frequency of the spikes may be different for different 
monitoring programs). The blank and spiked samples must be 
carried through all stages of the sample preparation and 
measurement steps. 

Accuracy and Precision 

7. 3 .1 

7. 3. 2 

Recovery from a blank spike for all analytes must be 
within 60% to 140%. 

Recovery of internal standards in all samples must be 
within 40% and 120%. 
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7.3.3 

7.3.4 

Recovery from matrix spike for all analytes must be 
within 60~ and 140~. 

Replication of duplicate samples must be less than 50~ 
RPD for 2,3,7,8-TCDD. 

7.4 Summary of QC Sample Spiking Solution Volumes 

7.4.1 

7.4.2 

7.4.3 

7.4.4 

Method Blank - 100 ul ISTD spike (SP2) 

Blank Spike - 100 ul native (SP1) /ISTD spike (SP2). 

Matrix Spike - 100 ul native (SP1)/ISTD spike (SP2). 

Matrix Spike Duplicate - 100 ul native (SP1)/ISTD spike 
(SP2). 

8.0 SAMPLE PRESERVATION AND HANDLING 

8.1 

9.0 

9.1 

All samples must be stored at 4°C and extrac~ed within 30 days and 
completely analyzed within 45 days of col~ection. 

SAMPLE PREPARATION AND EXTRACT CLEANUP 

Extraction Procedures 

9.1.1 

9 .1. 2 

Sludge/Fuel Oil 

9.1.1.1. Extract aqueous sludge s~~ples by refluxing a 
sample (e.g. 2. g) w~cn 50 ml of toluene 
(benzene) in a 125 ml flask fitted with a Dean
Stark water separator. 

9.1.1.2. Continue refluxing the s~'11ple until all the 
water has been removed. Cool the sample, 
filter the toluene extract through a fiber 
filter, or equivalent, into a 100 ml round 
bottom flask. Rinse the filter with 10 ml of 
toluene, combine the extract and rinsate. 

9.1.1.3. Concentrate the co~bined solution to near 
dryness using a rotary evaporator at 50°C. Use 
of an inert gas to concentrate the extract is 
also permitted. Proceed with Step 9.2.1. 

Still Bottoms 
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9.1.2.1. 

9.1.2.2. 

Extract still bottom samples by mixing a sample 
(e.g., 1.0 ml of toluene (benzene) in a small 
beaker and filtering the solution through a 
glass fiber filter (or equivalent) into a 50 
ml round bottom flask. 

Rinse the beaker and filter with 10 ml of 
toluene. Concentrate the combined toluene 
solution to near dryness using a rotary 
evaporator at 50°C while connected to a water 
aspirator. Proceed with Step 9.1.3.4. 

Fly Ash. 
content or 
approach. 

Any solid 
cannot be 

sample which has 
extracted using 

a high carbon 
the jar shake 

9.1.3.1. Place an appropriately labelled 
weighing boat on a calibrated top 
balance, and tare the balance. 

aluminum 
loading 

9. 1. 3. 2. Accurately weigh approximately 10. 0 g of sample 
into the pan. Record the sample weight to 
three significant figures on the laboratory 
chronicle. 

NOTE: QC blanks and blank spikes will consist solely 
of sodium sulfate. 

9. 1. 3. 3. Thoroughly mix the 10 gram sample and an 
equivalent amount of anhydrous sodium sulfate 
using a spatula and transfer the mix to a 
cellulose extraction thimble. Place the 
thimble into an appropriately labelled soxhlet 
apparatus that has been charged with 250 ml of 
toluene and contains 8-10 boiling stones in the 
reservoir. 

9.1.3.4. Extract the samples for a minimum of 16 hours 
at a 3-cycle per hour reflux rate. 

9.1.3.5. Allow the soxhlet apparatus to cool completely 
before removing from heating set-up. 

9. 1. 3. 6. Tilt soxhlet set -up to drain any residual 
toluene from extractor body. Allow any toluene 
in extractor body to separate from sample and 
repeat until no more toluene can be withdrawn. 
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9 .1. 3. 7. Filter the toluene extract through a glass 
filter paper into a 500 ml round bottom flask. 
Rinse the filter with 10 ml of toluene. 

9.1.3.8. Concentrate the combined toluene solution to 
near dryness using a rotary evaporator at 5 0°C. 

9.1.3.9. Transfer the residue to a 120 ml separatory 
funnel using 15 ml of hexane. Rinse the flask 
with two 5 ml aliquots of hexane and add the 
rinses to the funnel. Shake 2 min with 50 ml 
of 5% NaCl solution, discard the aqueous layer 
and proceed with Step 9.2. 

Soil 

9. 1. 4. 1. Extract soil samples by placing the sample 
(e.g. 10 g) and an equivalent amount of 
anhydrous sodium sulfate in a 500 ml Erlenmeyer 
flask fitted with a Teflon stopper. 

9.1.4.2. Add 20 ml of methanol and 80 ml of petroleum 
ether, in that order, to the flask. Shake on 
a wrist action shaker for two hours. The solid 
portion of sample should mix freely. If a 
small soil aliquot is used, scale down the 
amount of methanol proportionally. 

9.1.4.3. Filter the extract from Paragraph 9.1.4.2 
through a glass funnel fitted with an 18.5cm 
Whatman ashless glass fiber filter and filled 
with anhydrous sodium sulfate into a 500 ml 
Kuderna-Danish (KD) concentrator fitted with 
a 10 ml concentrator tube. 

9.1.4.4. Add 50 ml of petroleum either to the Erlenmeyer 
flask, re-stopper and flask and swirl the 
sample gently, remove the stopper carefully and 
decant the sol vent through the funnel as above. 
Repeat this procedure with two additional 50 
ml aliquots of petroleum ether. Wash the 
sodium sulfate in the funnel with two 
additional 5 ml portions of petroleum ether. 

9.1.4.5. Add a Teflon or PFTE boiling chip and a three
ball Snyder column to the KD flask. 
Concentrate in a 70°C water bath to an apparent 
volume of 10 ml. Remove the apparatus from the 
water bath and allow it to cool for 5 min. 
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9.1.4.6. Add 50 ml of hexane and a new boiling chip to 
the KD flask. Concentrate in a water bath to 
an apparent volume of 10 ml. Remove the 
apparatus from the water bath and allow to cool 
for 5 min. 

9.1.4.7. Remove and invert the Snyder column and rinse 
it down into the KD with two 1-ml portions of 
hexane. Decant the contents of the KD and 
concentrator tube into a 125 -ml separatory 
funnel. Rinse the KD with two additional 5-ml 
portions of hexane, combine. Proceed with Step 
9. 3. 

Water 

9.1.5.1. Mark the water meniscus on the side of the 1-
L sample bottle for later determination of the 
exact sample volume. Pour the entire sample 
(approximately 1-L) into a 2-L separatory 
funnel. Proceed with Step 9.1.5.2. 

9.1.5.1.1. A continuous liquid-liquid extractor may 
be used in place of a separatory funnel 
when experience with a sample from a given 
source indicates that a serious emulsion 
problem will result or an emulsion is 
encountered using a separatory funnel. 
Add 60 ml of methylene chloride to the 
sample bottle, seal, and shake for 30 sec 
to rinse the inner surface. Transfer the 
solvent to the extractor. Repeat the 
sample bottle rinse with an additional 50-
to 100-ml portion of methylene chloride 
and add the rinse to the extractor. Add 
200 to 500 ml of methylene chloride to the 
distilling flask; add sufficient reagent 
water to ensure proper operation, and 
extract for 24 hr. Allow to cool, then 
detach the distilling flask. Dry and 
concentrate the extract as described in 
Paragraphs 9.1.4.5 and 9.1.5.3. Proceed 
with Paragraph 9.1.5.4. 

9.1.5.2 Add 60 ml methylene chloride to the sample 
bottle, seal and shake 3 0 sec to rinse the 
inner surface. Transfer the solvent to the 
separatory funnel and extract the sample by 
shaking the funnel for 2 min with periodic 
venting. Allow the organic layer to separate 
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9.1.5.3 

9.1.5.4 

from the water phase for a minimum of 10 min. 
If the emulsion interface between layers is 
more than one-third the volume of the solvent 
layer, the analyst must employ mechanical 
techniques to complete the phase separation. 
Collect the methylene chloride (3 x 60 ml) 
directly into a 500-ml Kuderna-Danish 
concentrator (mounted with a 10 -ml concentrator 
tube) by passing the sample extracts through 
a filter funnel fitted with an 18.5cm Whatman 
ashless glass fiber filter and packed with a 
glass wool plug and 5 9 of anhydrous sodium 
sulfate. After the third extraction, rinse the 
sodium sulfate with an additional 30 ml of 
methylene chloride to ensure quantitative 
transfer. 

Attach a Snyder column and concentrate the 
extract on a water bath until the apparent 
volume of the liquid reaches 5 ml. Remove the 
K-D apparatus and allow it to drain and cool 
for at least 10 min. Remove the Snyder column, 
add 100 ml hexane, re-attach the Snyder column 
and concentrate to approximately 5 ml. Add a 
new boiling chip to the K-D apparatus before 
proceeding with the second concentration step. 

Rinse the flask and the lower joint with 2 x 
5 ml hexane and combine rinses with extract to 
five a final volume of about 15 ml. 

Determine the original sample volume by 
refilling the sample bottle to the mark and 
transferring the 1 iquid to a 1, 000 -ml graduated 
cylinder. Record the sample volume to the 
nearest 5 ml. Proceed with Paragraph 9.2. 

Alternate Procedure for the Extraction of Sludges, Oil, 
Tar, and Still Bottoms. 

Alternate procedure for the extraction of sludges, oil, 
tar, and still bottoms (SAS 6179·A, SOW for the Analysis 
of Polychlorinated Dibenzo-p-Dioxins (PCDD) and Poly
chlorinated Dibenzofurans, 12/90 with published 
modifications) . 

9 .1. 6.1 Characterize the sample matrix to determine 
its organic solvent solubility. 
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9.1.6.2 

9.1.6.3. 

If the sample is soluble in hexane or methanol, 
proceed with section 9.1.4. with the following 
modifications: 

i. Weigh out 1.00 g (+0.05 g) of sample. 

ii. Scale down methanol proportionally, i.e., 
use 2.0 ml methanol. 

If the matrix characterization indicates that 
the sample is soluble in methylene chloride, 
toluene, or benzene, proceed as follows: 

i. Using a properly calibrated top loading 
balance, place an appropriate labelled 8 
oz. clear Boston round bottle on balance 
pan and tare the balance. 

ii. Accurately weigh 1. 00 g of sample into 
the bottle. Record the sample weight to 
three significant figures on the 
laboratory chronicle. 

iii. Spike with 100 ul of the appropriate 
spiking solution (internal standards and 
surrogates, matrix or blank spikes}. 

iv. Add 100 ml of appropriate extraction 
solvent (from matrix characterization}. 

v. Cap securely and shake on wrist action 
shaker for at least two hours. 

vi. Solvent exchange extracts to hexane. 

o Solvent exchange capability is 
dependent upon solvent boiling point. 
Lower boiling solvents (methylene 
chloride, hexane} can be exchanged 
using a steam bath. Higher boiling 
solvents (toluene} will require a 
heating mantle to complete the 
solvent exchange. 

o On occasion, samples extracts cannot 
be directly solvent exchanged to 
hexane-- upon initial concentration 
the extract will become very viscous 
and/or begin to 
polymerize. Should this occur, 
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9.2 Extract Cleanup Procedures 

reconstitute extract in minimal 
amount of extraction sol vent, such 
that extract is no longer viscous. 
Proceed as follows: 

Set-up a 
chromatographic 
teflon stopcock. 

Add approx. 130 
column, such 

large 
column 

bore 
with 

occupies lower 

ml hexane to 
that hexane 

third of 
reservoir bowl. 

Charge column with 2 0. 0 g of 
activated neutral silica gel. 

Drain into waste vessel until 
hexane level is just above 
surface of silica gel. NOTE: 
Rinse bowl with hexane during 
draining to wash down any 
adhered silica gel. 

Place prepared column over 
appropriat:e receiving vessel. 
K-D apparatus for methylene 
chloride extracts, 500 ml 
boiling flask for toluene 
excr:acts. 

Quantitatively transfer extract 
to column, using 3 rinses with 
extraction solvent. 

Elute extract with 250 ml 
hexane. 

Proceed with sol vent exchange 
(as above) as though ext rae t 
was in original extraction 
solvent. 

Extract cleanup procedures are employed for 
extracted organic compounds which may be 
difficulties during instrumental analysis. 
procedures are selected based on the nature 
compounds. 

the removal of co
pose interference 
Individual cleanup 
of the interfering 
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Acid/Base Washing 

9.2.1.1. In a 250-ml Separatory funnel, partition the 
solvent (15 ml hexane) Against 40 ml of 20 
percent (weight/volume) potassium hydroxide. 
Shake for 2 min. 

Remove and discard the aqueous layer (bottom). 
Repeat the base washing until no color is 
visible in the bottom layer (perform base 
washings a maximum of four times) . Strong base 
(KOH) is known to degrade certain PCDD/PCDF's, 
contact time must be minimized. 

9. 2 .1. 2. Partition the sol vent ( 15 ml hexane) against 
40 ml of 5 percent (w/v) sodium chloride. Shake 
for 2 min. Remove and discard aqueous layer 
(bot tom) . 

NOTE: Care should be taken due to the heat of 
neutralization and hydration. 

9.2.1.3. Partition the solvent (15 ml hexane) against 
40 ml of concentrated sulfuric acid. Shake for 
2 min. Remove and discard the aqueous layer 
(bottom) Repeat the acid washings until no 
color is visible in the acid layer. (Perform 
acid washings a maximum of four times.) 

9.2.1.4. Partition the extract against 40 ml of 5 
percent (w/v) sodium chloride. Shake for 2 
min. Remove and discard the aqueous layer 
(bottom). Dry the organic layer by pouring 
through a funnel containing anhydrous sodium 
sulfate into a 50-ml round bottom flask, wash 
the separatory funnel with two 15-ml portions 
of hexane, pour through the funnel, and combine 
the hexane extracts. Concentrate the hexane 
solution to near dryness with a rotary 
evaporator (35-C water bath), making sure all 
traces of toluene are removed. (Use of 
blowdown with an inert gas to concentrate the 
extract is also permit ted) . Alternatively, 
employ a KD apparatus to complete the 
concentration process. 

Alumina Column Chromatography. 
interferents using a gravity 
l0.5mm) packed as follows: 

Separation 
column (Glass 

of polar 
300mm x 
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9. 2. 3. 1. Insert a glass wool plug into the bot tom of 
the column. Add a 4-g layer of sodium sulfate. 
Add a 4g layer of Woelm Super 1 neutral 
alumina. Tap gently to pack and eliminate air 
spaces. Cover the alumina with a 4-g layer of 
sodium sulfate. 

9.2.3.2. Elute with 10ml of hexane closing the stopcock 
immediately before exposing the sodium sulfate 
to the air. Check for column channeling and 
discard if it has occurred. 

9.2.3.3. Re-constitute the residue from the sample 
extraction step in 2ml of hexane and apply the 
solution to the top of the column. Elute with 
sufficient hexane to complete the transfer of 
the extract onto the column. Discard the 
eluent. 

9. 2. 3. 4. Elute the co~~~~ with 10 ml of 8~ 
(volume/voluine) methylene chloride in hexane 
to remove imuurities. Save the eluent and 
check for PCDD/:?CD? breakthrough (See PCDD/PCDF 
analysis SOP). Co::-!tinue the elution with 15 
ml of 60~ met!1yle::-!e chloride in hexane and 
collect the elua:1t ln a 15 ml concentrator 
tube. Dioxins a~d =urans will be contained in 
this fraction. Retain this fraction for 
concentratio:1 a::-!d subsequent GC/MS analysis or 
additional chro:c.a.c:ographic cleanup as required. 

Multi-Stage Silica Gel ColuTC'. (Alternate Procedure) 

9.2.3.1. Pack a gravity column (glass 300 -mm x 1. Scm 
I. D. with 250ml reservoir), fitted with a 
Teflon stopcock, in the following manner: 

Insert a glass-wool plug into the bottom of 
the column. Fill the column with hexane 
(approx l30ml). Add a l gram layer of neutral 
silica gel, followed by (in order) a 2 gram 
layer of basic silica gel, a l gram layer of 
neutral silica gel, a 10 gram layer of acid 
silica gel, and a 2 gram layer of neutral 
silica gel. Woelm super l neutral alumina. 
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9.2.3.2. Drain the hexane into a waste container 
stopping just before the uppermost layer of 
silica gel is exposed. Rinse adhering silica 
gel from the sides od the column with 
additional hexane. 

9. 2. 3. 3. Prepare a small bore alumina column in the 
following manner: 

Insert a glass-wool plug into the bottom of 
the column. Add 6.0 grams of acidic alumina, 
tap to settle. Add 1.0 grams sodium sulfate 
to the top of the column. Rinse adhering 
silica gel from the sides of the column with 
hexane. Continue filling the column with 
hexane (approx 130ml) until the level reaches 
the bottom of the reservoir. Drain the hexane 
into a waste container stopping just before the 
uppermost layer of silica gel is exposed. 

9.2.3.4. Dissolve the residue from Step 9.2.1 in 2 ml 
of hexane and apply the hexane solution to the 
top of the silica gel column. Complete the 
transfer with multiple hexane rinses. Elute 
the extract with sufficient hexane to complete 
the transfer of the sample cleanly to the 
surface of the alumina. Place the reservoir 
of the alumina column directly below the 
stopcock of the silica gel column. Rinse the 
reservoir of the large bore column with 3.0 ml 
hexane. Again drain the hexane into a waste 
container stopping just befor.e the uppermost 
layer of silica gel is exposed. 

9.2.3.5. Add 150 ml of hexane to the upper reservoir, 
open the stop cocks of each column and allow 
the hexane to completely drain through both 
columns. Discard the eluate. rinse the 
reservoir with 2. 0 ml of hexane, elute and 
discard. 

9.2.3.6. Add 20.0ml of hexane to the lower (alumina) 
column, elute to the top of the sodium sulfate 
layer, and discard the eluant. 

9.2.3.7 Replace the waste vessel with a labeled 50 ml 
concentrator tube. Add 20ml of 20% methylene 
chloride in hexane to the reservoir of the 
column and continue the elution. Collect the 
eluate. 
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Concentrate the methylene chloride/hexane 
eluate to approximately 2-3 ml using either 
nitrogen blowdown or micro-KD apparatus. 

Carbon Column Cleanup. 
from PCDD/PCDF. 

Separation of planar molecules 

9. 2. 4. l. Prepare a micro- carbon column packing by mixing 
5~ methanol pre-washed, active carbon (AX2l, 
Anderson Development Company) with 95~ type 60 
EM reagent 70-230 mesh Silica Gel and 
activating at l30

0
C for 6 hours. 

9.2.4.2. Cut off the ends of a lOml semiological 
disposable pipette, insert a glasswool plug 
into the pipette and pack it with 1.0 gram of 
carbon/silica gel mixture. Cap the carbon 
column with an additional glass wool plug. 

9. 2. 4 .l. Concentrate the 60 percent fraction eluant 
(Paragraph 9.2.2.4 or 9.2.3.8) to about 2 to 
3 ml. Rinse the ::a:::bon with 5 ml 
cyclohexane/methylene chloride (50:50 v/v) in 
the forward direction o= flow and in the 
reverse direction of flow. W.~ile still in the 
reverse direction of flow, ~ransfer the sample 
concentrate to the col~~ and elute with 10 ml 
of cyclohexane/methylene ::~loride (50:50 v/v) 
and 5 ml of methylene c~loride/methanol/ 
benzene (75:20:5, v/v). Save all above eluates 
and combine (this fraction may be used as a 
check on column efficiency). Now turn the 
column over and in the di.:::ection of forward 
flow elute the PCDD/PCDF =raction with 20 ml 
toluene. Note: Be sure no carbon fines are 
present in the eluant. 

9.2.4.2. Evaporate the toluene fraction to about 1 ml 
on a rotary evaporator using a water bath at 
50°C. Transfer to a 2.0 ml reacti-vial using 
a toluene rinse and concentrate to 200-300ul 
using a stream of nitrogen (N-Evap). The final 
volume should be 100 ul for soil samples and 
500 ul for sludge, still bottom, and fly ash 
samples; this is provided for guidance, the 
correct volume will depend on the relative 
concentration of target analytes. Extracts 
which are determined to 
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be outside the calibration range for individual 
analytes must be diluted or a smaller portion 
of the sample must be re-extracted. Gently 
swirl in the solvent on the lower portion of 
the vessel to ensure complete dissolution of 
the PCDD's and PCDF's. 

10.0 PACKAGING OF EXTRACTS (100 u1 MICROVIALS) 

10.1 Packaging Procedures 

To eliminate any confusion or switching of extracts it is 
imperative that extracts and microvials be kept in same numerical 
order at all times. Always work "top to bottom" and "left to 
right" when referencing extracts and their containment vessels, 
i.e. The job number at the top of the lab chronicle is considered 
the "first" extract and will be placed left-most when handling 
extracts in a horizontal procedure (e.g column work, N-Evap, 
packaging, etc ... ) . The bottom job number on the laboratory 
chronicle is considered the "last" extract and will appear right
most in a horizontal procedure. The intermediate extracts are 
then placed sequentially from left to right as they are read, 
going down the laboratory chronicle. 

10.1.1 Prepare microvials for receipt of extract by writing job 
number (using a Sharpie waterproof pen) along length of 
microvial. "Double -label" the vial by writing job number 
again on the opposite side of vial. 

10 .1. 2 

NOTE: Use black or blue pen only, for ease of reading. 

Add 5.0 ul of dodecane to each of the microvials. (The 
dodecane acts as a ''keeper'' to prevent the extract from 
going to dryness) . Replace the microvials, in order, 
into their vial case(s). 

10.1.3 Load the extract anti-clockwise onto the nitrogen 
evaporator (N-Evap) following the order they appear on 
the laboratory chronicle. Refer to SOP: IFB/ PCDX 
Concentration by Nitrogen Evaporation (N-EVAP). 

10.1.4 Concentrate the extracts to approximately 100 ul; remove 
from N-Evap (leaving pipettes); and place in the 
containment rack--again in the same order as they appear 
on laboratory chronicle. 

10.1.5 Turn off the nitrogen supply at the plenum knob. 
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Place a 
pipette 
vessels. 

9" disposable pasteur pipette, fitted with a 
bulb, into each of the extract containment 

NOTE: The hard-rubber 1.0 ml pipette bulbs are 
recommended for this procedure, as they are less flexible 
than latex bulbs and therefore less likely to allow 
accidental loss of extract. 

Carefully place the microvials (in order) on the N-Evap, 
so that the full width of the vial body is in contact 
with the support place assembly. The vials should be 
absolutely vertical--not leaning in any direction. 

Lower the corresponding nitrogen-carrying pipette, such 
that the tip barely intrudes into the vial opening. 
Position the pipette tip, such that it is located to the 
rear of the vial (towards center of N-Evap) , so that a 
pipette tip to transfer the extract may be inserted 
between the nitrogen pipette and the microvial inner
wall. 

NOTE: 
checks: 

At this point it is best to make two safety 

1. Make sure nitrogen is off at plenum knob. 
2. Ensure all individual nitrogen ports are open to the 

same degree (i.e., none partially open, while others 
fully open) . 

10.1.9 Carefully transfer the first three extracts from their 
containment vessels to their respective microvials. 

10.1.10 Slowly turn on the nitrogen at the plenum know, while 
watching the contents of the microvials, to make sure 
that extracts will not be blown out. The flow of 
nitrogen onto the surface of the extracts should be 
barely perceptible. 

10.1.11 Complete the transfer of the remaining extracts. 

10. 1 .12 Using a 9" disposable pipette, add 12 drops of hexane or 
300 ul to each of the containment vessels. 

10.1.13 Starting at a point representing half the initial volw~e 
of the extract previously in the containment vessel 
(i.e., if the extract was at 20 ml before N-Evap, start 
at 10 ml volume line): Wash the inside walls of the 
containment vessel in a circular motion, progressively 
moving downwards with the rinses. 
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10.1.14 Ensuring the volume in the microvials is low enough to 
receive the hexane rinse, transfer the rinse from the 
containment vessels to their respective microvials. 

10.1.15 Repeat steps 10 .1. 12 through 10. 1. 14; this time beginning 
the wash at the original extract volume (e.g., from 
above-- at 20 ml volume line) . 

10.1.16 Concentrate extract (with rinses) down to a volurne of 
5.0 ul. 

NOTE: The extract will concentrate quite rapidly to a 
volume of 2-5 ul. At this point, the volume will not 
appear to decrease appreciably, due to the presence of 
the dodecane keeper. Remove the microvial from the N
Evap when no further concentrating is evident. 

10. 1. 17 Compare the volume in the microvial to the microvial 
volume standards in the clear lucite rack. Add an 
appropriate amount of dodecane to bring the final volume 
to the mircovial to 20 ul. 

10.1.18 Cap the vial, using an ll mm, teflon-lined crimp cap. 
Ensure the cap fits tightly, and may not be rotated. 

10. 1. 19 Holding the top of the vial, "Flick" t:Oe vial bot tom with 
index finger to mix contents. 

10.1.20 Place vial (in proper order) in vial case. 
with QT-Batch number and GC/MS A-type. 

Label case 

10 .1. 21 Place samples in GC/MS extract refrigerator for analysis. 

Preparation for Analysis 

10.2. l Approximately 1 hr before HRGC/LRMS analysis, transfer 
an aliquot of the extract to a micro-vial. Add to this 
sufficient recovery standard (l3Cl2l,2,3,4-TCDD) to give 
a concentration of 500 ng/ml. (Example: 36 ul aliquot 
of extract and 4 ul of recovery standard solution. 
Remember to adjust the final result to correct for this 
dilution. Inject an appropriate aliquot (l or 2 ul) of 
the sample into the GC/MS instrument. 

SUPPLEMENTAL DOCUMENTS AND REFERENCES 

Test Methods for Evaluating Solid Waste, SW-846 Third Edition, 
November 1986. Method 8280, Revision 0. 



11.2 

11.3 

11.4 

ETC/EDISON IS NOW PACEINJ 

ETC Safety Manual 

ETC Sample and Hazardous Waste Disposal SOP #ED201001 

The Preparation of Standard Solutions for PCDD/PCDF Analysis by SW-846, SOP number EX600600. 



GEOTECHNICAL LABORATORY TESTING CAPABILITIES 

Index Properties: 

visual classification and water content 
grain-size distribution 
organic content 
reactive sulfate 
total carbonate content 

Compaction Testing: 

liquid, plastic and shrinkage limits 
specific gravity 
pH level 
total salt content 
cation exchange capacity 

ASTM methods are used to determine the moisture-density relationships for soils to be used in fill placement. 
Both mechanized and hand-operated compactors are available as may be required to provide specified 
compaction energy levels. 

Perm cab iii ty: 

The laboratory is equipped to perform constant-head and falling-head permeability tests by the appropriate 
ASTM standards. Both lkx.iblc-wall and fixed-wall cells arc available. Twenty back-pressure saturation and 
consolidation stations a.re used to perform the falling-head tests. Five of these stations a.re constant- Dow 
stations which usc mercury manometers for precise measurement of pore water movement through low
pcm1cability clm·s and gcos:nthctic clay liner materials. 

Com p rcssibility: 

Onc·dirncnsional consolidation properties a.rc obtained using fixed-weight loading frames. These frames may 
be monitored using automated data acquisition equipment. Conrrolled rate-of-deformation consolidation 
tests may be performed using specially adapted triax.ial cells. 

Static Strength: 

The bboratory is equipped to perform unconfmcd and triax.ial compression testing of soil and rock 
specimens. Tria.-...ial cells manufactured by Braina.rd-Kilman and Trautwein Equipment a.rc used for specimen 
dian1ctcrs up to 4-in.-c!ia.metcr (100 mm) specimens and effective confining pressures up to 120 psi (S30 
kPa). Twenty back-pressure saturation/consolidation stations a.rc available. 

Rusr Env:ror.ment & jnfra.:rr..:.cr:.:.re 
C1r:c:nr:an Dfvwon 



GEOTECHNICAL TESTING CAPABILITIES 
Rust Cincinnati Division 

Test Sample Size 
inches (mm) 

Triaxial Diamete:--s: 
Compression 1.5 to 4 

(38to 100) 

Unconfined Diameters: 
Compression 1.5 to 4 

(38 to I 00) 

Dtrcct Shcor Diameter or 
Width: 
2.0 to 12.0 
(50 to 305) 

Consolicl!tion Di::liil:::ters: 

Incremental 2.5 to 4 
Controlled- (63 to I 00) 
Str:1in 

PcnncJ.bility 
Cunstont Hend 2 to ·t 

(50 to I 00) 
foiling Head 1.5 to 4 

(J S to I 001 

Liquid and Plastic 
Limits 

Soccific Gr.Jvitv 

Moisture Content 

Grain-Size 

Aggrcg:l!c 
Sic\'c 
Hydrometer 

On~J.I1ic Content 

Compaction 4 and 6 
(I 00 and 1501 

ADDITIONAL EQUIPMENT (Field Testing): 
Roc Test Pressuremeter 

Troxler Nucleor Density Gauges 
HydroPunch 

Mllimum Applicable 

Pressure Limits, AST:\1 
psi {kPa) Standard 

Cell Pressure: msso 
120 (830) 

04767 

N/A D2166 

03080 

350 
(2450) 02435 

D4!86 

D::>-tJ4 

0508-l 

043 IS 

OSS-t 

0:22!6 

D<-t22 
D422 

I 02974 

0698 
01551 

Cornmcntj 

Unconsolid.:lte::i-
Undrained 
Consolidated-
Und:nined 

Ocod-Wci;r.t 
Land F rJ..'1'.c 

I 

I 

Controlled 

Tc::mer::m.1rc BJth 

I 

I 
lvfechanical 
Com~Jctar 

R:.u: E-:vrrcm:r.enl & Ir./r::J.;r.:.::::..re 
C:nc:nr::::: .Jrvuron 



Geotechnical Laboratory Division 

RUST Environment & Infrastructure 

SOP Number: SOP-GT-001 

Effective: July, 1995 

Revision: 1 

STANDARD OPERATING PROCEDURE 

FOR 

RECEIVING INCOMING SAMPLES 

STEP I 

Log sample into Sample Log Book, include project name, number, client, sample number, location 

and testing required, assign a number to the Assignment Sheet and date received. 

Alternatively, the Soil Request Records may be used as the Sample Log Book (currently used in 

Baton Rouge). 

STEP 2 

Aller completing the Log-in process, place the sample to be tested in the appropriate testing area, i.e., 

Proctors, Classifications. Strength and Permeability, etc. 

STEP 3 

Complete all required project information on each data sheet including sample locations, stations. 

elevation, numbers. etc. 

STEP -1 

If separate, setup the soil laboratory worksheet. Include all information as completed in Step I 

Circle all required testing and anx special information that may have been supplied by the project. 

Project iv!anager or other. Place the Soil Laboratory Worksheet with the sample. 

Prepared by B. M. Griggs 3/30/95 

Reviewed by: Kirk Lowery 11/10/95 

Approved by: Kirk Lowery 11114/95 



Geotechnical Laboratory Division 

RUST Environment & Infrastructure 

SOP Number: SOP-GT-002 

Effective: July, 1995 

Revision: 1 

STANDARD OPERATING PROCEDURE 

FOR 

PROCESSli'IG BULK SAMPLES 

STEP I 

Set up Soil Laboratory Worksheet. See SOP-GT-001, Step 4 for reference. Weigh entire content 

of the bulk sample and record in Remarks Section on worksheet. 

STEP 2 

Lay out entire sample on a flat pan in proctor area. 

STEP 3 

Completely till out two sample tags and place one with sample and one on a bucket for usc later. 

Include project name and number, sample number or !.D. Collect approximately 1500 grams for 

sieve analysis, place into bucket or flat pan and set aside. 

STEP -i 

Collect a representative 300-500 gram sample for Natural Moisture Content (Nt\1C) prior to any 

drying of the bulk sample. Place into a scaled plastic bag and leave with bulk sample. (The NMC 

sample may be used for P-200, Sec SOP-GT-07.4). 

NOTE Should the bulk sample be in excess of I 0% greater than the estimated Optimum 1\!oisturc 

Content (OMC), allow the entire bulk sample to air dry until the moisture content has been reduced 

to about 6% greater than the estimated OMC. Then proceed with STEP 5. 

STEP 5 

Dice and chop bulk sample in the flat pan and remove, weigh and record on worksheet any large 

stones; place bulk samples into the Rapid Soil Processor. Make the necessary hook-ups on the Soil 

Processor. Place the larger black tub under, and the smaller black tub towards the back of the Soil 

Processor. Turn on the Soil Processor and allow it to shave the entire bulk sample until all the soil 

has been "Processed". USE CAUTION I 



Geotechnical Laboratory Division 

RUST Environment & Infrastructure 

SOP Number: SOP-GT-002 

Effective: July, 1995 

Revision: 1 

STANDARD OPERATING PROCEDURE 

FOR 

PROCESSING BULK SAMPLES 

(continued) 

STEP 6 

From the Processed Bulk Sample, collect about 200 grams of moist soil for Atterberg and place into 

a marked container Record container's ID on worksheet in Atterberg Limits Section. Place distilled 

water in container covering soil and place in classification testing area of the laboratory. 

STEP 6.1 

From the Processed Bulk Sample. collect approximately 200 grams of moist soil for the hydrometer 

analysis (Wet Method) and place into a marked container. Record container ID on worksheet in 

llvdrometer Section. Place distilled water in container covering soil and place in classification testing 

area 

STEP 7 

Check worksheet Cor completeness. Leave worksheet with bulk samples 

Prepared by B. M. Griggs 3/3/95 

Reviewed by Kirk Lowery 11110/95 

Approved by: Kirk Lowery 11114/95 
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Geotechnical Laboratory Division 

RUST Environment & Infrastructure 

SOP Number: SOP-GT-005 

Effective: July, 1995 

Revision: 1 

STANDARD OPERATING PROCEDURE 

FOR 

ASTM D4318- ATTERBERG LIJYUTS (Wet Method) 

STEP l 

Complete all project infonnation on the data sheet. 

STEP 2 

Collect 200 gms from the processed bulk sample - see SOP-GT -002, Step 5, or place the 200 gms 

into a marked container and place tap or distilled water into the container just covering the soil. 

Allow to soak until mixing. Mix the material in the blender for l minute. Pour the soil/water mixture 

over a #40 sieve which has been previously placed on top of a oven dried "Dog Bowl". Allow soil 

slurry to dry until a thick paste has developed Collect approximately 40 grams of this material for 

plastic limits and place this sample to the side for testing later. 

STEP 3 

Calibrate drop of liquid limit cup using the grooving tool handle. Place approximately 150 gms of 

the soil into a mixing dish and thoroughly mix. Spread soil into the liquid limit cup approximately I 0 

mm thick. Cut a grove through the center of the filled cup using the grooving tool. Turn the handle 

on the limit cup at a rate of about two blows (drops) per second and count the number of blows 

(drops) of the limit cup required to close the grove between the two halves approximately'/, inch. 

Point one should require 20 to 30 blows to close the groove. Collect a sample of this material 

perpendicular to and across the closed groove and place in a tare. Cover tare until wet weight plus 

tare is determined. 

STEP -l 

Repeat the above steps one additional time for verification of point one. After completing both points 

of the liquid limit, weigh and record the weight of both samples plus tare on the data sheet and place 

them in the drying oven. 



Geotechnical Laboratory Division 

RUST Environment & Infrastructure 

SOP Number: SOP-GT-005 

Effective: July, 1995 

Revision: 1 

STANDARD OPERATING PROCEDURE 

FOR 

ASTM D.J318- ATTERBERG LIMITS (Wet Method) 

(continued) 

STEP 5 

Take the plastic limit samples and roll them out on a glass plate. Continue rolling and kneading until 

the soil sample can no longer be rolled out to an 1/8" thread. Collect 2 samples of this rolled out 

material and place in a tare {approximately 12 gms each). Weigh and record the weight of each 

sample and tare and place them in the drying oven. 

STEI' 6 

Check the data sheet Cor completeness. 

Prepared by B. M. Griggs 3/3/95 

Reviewed by Kirk Lowery 11110/95 

Approved by: Kirk Lowery 11114/95 
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Geotechnical Laboratory Division 

RUST Environment & Infrastructure 

SOP Number: SOP-GT-007 

Effective: April, 1996 

Revision: 2 

STANDARD OPERATING PROCEDURE 

FOR 

SOIL CLASSIFICATION- GRAIN SIZE ANALYSIS OF SOIL ASTM D422 

STEP 1 

Complete all project information on the soil classification data sheet. 

STEP 2 

Oven dry at least 1, 500 grams or the appropriate weight depending on maximum particle size, 

obtained from the bulk or tube sample. Place sample into container for drying. Record the 

container's LD. number on the soil classification data sheet, grain size section. 

NOTE All Hydrometers Samples Shall be Tested using the Wet Method, SOP-GT-07.2 , unless 

instructed otherwise, inwhich case, usc SOP-GT-07.1. 

STI~P 3 

After drying, record dry weight of sample minus any tare weight on worksheet. Place sample into 

Beaker or Plastic Bucket. Record container's ld on worksheet and cover sample with tap water in 

container Allow sample to soak. 

STEP 4 

After soaking, agitate sample in container using a wire wisp. Wash thoroughly over a# 10 sieve or 

II 200 sieve depending on type of test, see note. 

NOTE If Hydrometer is in progress, wash over# 10 sieve. If a grain-size with# 200 wash has been 

requested, wash sample over a# 200 sieve. 



Geotechnical Laboratory Division 

RUST Environment & Infrastructure 

SOP Number: SOP-GT-007 

Effective: April, 1996 

Revision: 2 

STANDARD OPERATING PROCEDURE 

FOR 

SOIL CLASSIFICATION- GRAIN SIZE ANALYSIS OF SOIL ASTi\I D422 

(continued) 

STEP 5 

After washing, return sample to tare and place into over for drying. Record tare Id on worksheet. 

STF:P 6 

After drying, pass the soil over a nest of sieves as: 11
/ 2, l, 3

/,, 
11,, 3

/,, 
11,, #4 and #10 ( # 40 and# 200 

if a grain-size with wash # 200 has been requested). 

Record the weights of the material retained on each sieve cumulativclv. Once the total weight 

retained on the Ill 0 or II 200, has been determined and recorded, place sieved sample into a labeled 

plastic bag. DO NO DISCARD SAl\lPLE. Check the data sheet lor completeness. Return 

paperwork to the Hydrometer Testing Area or Data Reduction Basket. 

Prepared by: B. M. Griggs 3/3/95 

Revised by B. M. Griggs 4/01196 

Reviewed by: Kirk Lowery 4/01/96 

Reapproved by: Kirk Lowery 4/03/96 
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Geotechnical Laboratory Division 

RUST Environment & Infrastructure 

SOP Number: SOP-GT-008 

Effective: July, 1995 

Revision: 1 

STANDARD OPERATING PROCEDURE 

FOR 

ASTM D2216- NATURAL MOISTURE CONTENT 

STEP I 

Complete all project information on the data sheet. 

STEP 2 

Collect 50 to 1500 gms of wet sample depending on particle size of sample and place in tare. Weigh 

wet soil and tare. Record weight on data sheet. Place tare and sample in drying oven. 

STEP 3 

Leave data sheet in basket next to oven. 

NOTE This specimen may be used for P-200, sec SOP-GT-074 

Prepared by: B. M. Griggs 3/3/95 

Reviewed by Kirk Lowery llll 0/95 

Approved by Kirk Lowery 11/14/95 1 



Geotechnical Laboratory Division 

RUST Environment & Infrastructure 

SOP Number: SOP-GT-07.1 

EfTective: July, 1995 

Revision: 1 

STEP 1 

STANDARD OPERATL'fG PROCEDURE 

FOR 

ASTM D422 - HYDROMETER ANALYSIS (Dry Method) 

Complete all project information on the data sheet. Riffle split 200 gms from the 1500 gm sample 

obtained from the Proctor area. Pulverize sample using a mortar and peste! and pass material over 

a #10 sieve. Discard the plus #10 material. (See SOP-GT-003, Step 2 for reference). 

STEP 2 

i'vlix the minus# I 0 material and collect a 50 gm sample for hygroscopic moisture. Obtain and record 

weight of soil and tare and place in drying oven. Collect 50-70 gms of minus #I 0 material for 

hydrometer testing Record sample and tare weight on data sheet. Mix this 50-70 sample with 125 

ml of hydrometer solution and allow to soak at least 16 hours. 

STEP2.1 

l'rcpare a control flask consisting of distilled water and 125 ml of hydrometer solution which is at the 

same temperature as the Hydrometer test specimen. from the control flask. the composite correction 

and temperature readings will be obtained during the Hydrometer test. 

STEP 3 

r\ller soaking, pour soil/solution mixture into the blender and mix for l minute. r\fler I minute of 

mixing. transfer soil/solution mixture into hydrometer flask Use a squirt bottle to remove all soil 

from the blender. Fill the hydrometer flask to just below the fill line with distilled water and the 

soil/solution mixture. Thoroughlv mix the distilled water and soil/solution mixture by inverting and 

reversing the flask for l minute. Wash down any remaining soil on the sides of the tlask and bring 

the water level (bottom of the meniscus) up to the fill line using a squirt bottle with distilled water. 

STEP 4 

After I minute, place the hydrometer bulb into the hydrometer tlask and take your first hydrometer 

reading at two minutes. Readings should be taken at exactly 2, 5, I 5, 30, and 60 minutes and at least 

720 minutes (12 hours) and recorded on a sieve sheet. Record temperature from the control tlask 

at the start of the test and at the end. 

1 



Geotechnical Laboratory Division 

RUST Environment & Infrastructure 

SOP Number: SOP-GT-07.1 

Effective: July, 1995 

Revision: 1 

STANDARD OPERATING PROCEDURE 

FOR 

ASTM D422- HYDROMETER ANALYSIS (Dry Method) 

(continued) 

STEP 5 

After taking final reading; wash ail soiiJsolution over the #200 sieve. Transfer the material retained 

on the #200 sieve into tare and place in the drying oven. After drying, pass the material over a nest 

of two sieves (#40 and #200 sieve). Weigh the material collected on each sieve and record on sieve 

sheet. 

STEP 6 

Check the data sheet for completeness. 

Prepared by B. M. Griggs 3/3/95 

Reviewed by Kirk Lowery ll/1 0/95 

Approved by Kirk Lowery ll/14/95 
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Geotechnical Laboratory Division 

RUST Environment & Infrastructure 

SOP Number: SOP-GT-D7.2 

Effective: July, 1995 

Revision: 1 

STEP 1 

STANDARD OPERATING PROCEDURE 

FOR 

ASTM D422- HYDROMETER ANALYSIS (Wet Method) 

Complete all project information on the data sheet. 

STEP 2 

Collect approximately 200 grams of soil from the processed bulk. See SOP-GT -002, Step 6. I. Place 

the 200 gram sample into a marked plastic container; record container's lD on the worksheet and 

cover the soil in the plastic container with distilled and allow to soak or slake until soil will easily 

break down 

STf:P 3 

,\Cter soaking, usc a wire wisp or spatula to thoroughly mix soil/water slurrv Pour slurry ov·er a 

previously placed iiI 0 sieve over a oven dried "Dog Bowl". Work the retained soil. as much as 

practical. through the sieve. Allow the minus II I 0 slurry in the "Dog Bowl" to dry to a thick paste. 

Record "Dog Bowl" number on worksheet in [ lydromcter Section. 

STEP -l 

When a thick paste has developed, using a spatula cut four quarters into the soil paste. Remove 

opposite quarters and place into a pre-weight tare can for hygroscopic moisture content. Record tare 

can number, tare weight and wet weight of soil and tare on worksheet under hydro hydroscopic 

:vtoist. Content. Place into drying oven. Slice the two remaining quarter into halves. Remove 

opposite slices for hydrometer test. Place the removed slices into a tared or weighed glass beaker. 

Record soil weight and beaker ID on worksheet. Place 125 ml of hydro solution over the soil and 

allow to soak at least 1§. hours. 



Geotechnical Laboratory Division 

RUST Environment & Infrastructure 

SOP :'<umber: SOP-GT-07.2 

Effective: July, 1995 

Revision: 1 

STANDARD OPERATING PROCEDURE 

FOR 

ASTM D422- HYDRO?.IETER ANALYSIS (Wet Method) 

(continued) 

STEP 5 

After soaking, pour soil/solution mixture into the blender and mix for l minute. After 1 minute of 

mixing, transfer soil/solution mixture into hydrometer flask Usc a squirt bottle to remove all soil 

from the blender. Fill the hydrometer flask to just below the fill line with distilled water and the 

soil/solution mixture. Thoroughly mix the distilled water and soil/solution mixture by inverting and 

reversing the flask for l minute. Wash down any remaining soil on the sides of the flask and bring 

the water level (bottom of the meniscus) up to the fill line using a squirt bottle with distilled water. 

STEP G 

Aller I minute, place the hydrometer bulb into the hydrometer lbsk and take your lirst hydrometer 

and temperature reading Readings should be taken at exactly 2, 5, 15, :30, and 60 minutes and at 

least 720 minutes ( 12 hours) and recorded on a sieve sheet. Record temperature i"rom the control 

llask at the start of the test and at the end. 

STEP 7 

Aller taking final reading; wash all soil/solution over the 11200 sieve. Transfer the material retained 

on the #'200 sieve into tare and place in the drying oven. After drying. pass the material over a nest 

of two sieves (IWO and #'200 sieve). Weigh the material collected on each sieve and record on sieve 

sheet. 

STEP 8 

Check the data sheet for completeness. 

Prepared by B. M. Griggs 3/3/95 

Reviewed by Kirk Lowery 11/l 0/95 

Approved by Kirk Lowery 11114/95 
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I ;~~0 D'=signation: D 4972- 89 

Standard Test Method for 
pH of Soils 1 

This st:J.ndard is i.s.sued under the tl.xed design:Hion 0 497~: the number immediJ.tel;: follov.m.:: ',t",e destgn:::~tion indicates the ;ear cf 
originJJ adopnon or. in the c:1se o( revision. the ye.Jr of lJ.St remion. A number in parentheses i-ndicJ.tes t~'le year ofl~t n::1ppr~vaJ. A 
superscript epsilon (I) indicates an editori::ll change since tht." b.st re•·ision or re::lpprov::!l. 

J. Scope 
!.I This test method covers the measurement of the pH of soils for uses other th.:m for corrosion testing. Such me:J.surcrnents are used in the agricultural, environmenLJL and the natural resources fields. This measurement determines the degree of acidity or alkalinity in soil mJterials suspended in water and a 0.0 I .~f calcium chloride solution. Measurement in both liquids are necessary to fullv de!lne the soil's pH. This voriab!e is useful in determining the solubility of soil miner:J.ls, the mobilitv of ions in the soiL Jnd Jssessing the riability of the soil--plant environmenL A more det;ilcd discussion of the usefulness of this po.rameter is not wJrr.:~ntcd here, ho\vever, it cJn be found in mJn\· discussions of the subject. A few such discussions arc gi,~n os Refs(!)' through (6) at the end of the text. 

j .:?. The values given in sr units Jrc: regJrdcJ JS StJndJrd. !.3 This srandard nwy inrolre ha2ardr;us matl•riols. opao.rions. and equipment. This standard does nor purrorr to ~Jdress till ~~(the saj~·fy problems associurcd Hit I! irs use. It i.i lf:e rr>sponsihi!it_l' (~(the user of rlus srunddrd li! <'Stuhfi.lh 11,1 ·iaft• st~li.·fy and /zca!rh pruc:ft·cj· diU/ dcramu:e rl;(· G_!lf· .. dibility <~(rcgu/wory /inu!ufi!!JIS flrtl!r ro 1/SL'. 

2. Referenced Documents 

2.1 .·IST.\1 Stundc1rds: 
c 670 PrJcticc ror Preparing Precision Jnli BiJS S!:.llL'· mcnts forT est \fcthods of Con.struL'tion \l:JteriJis' GSI Test \kthoJ for pl! of Sot! i(Jr usc 1n CorTOsinn Testing_. 

l. Summary of Test ~lcthod 
3.1 ~vlcasurcmcnt or the pH of soils in both suspensions of '"Jtcr and J cJlcium chloride solution arc m:..~dc with either J potentiometer using a pH sensitive electrode s\-stcm ( \fcthoJ .\),or pH sensiti,·e paper (~kthod 8). The p~tcntiomcter is calibrated with bu!Tcr solutions of known pH. The pH ~nsitivc paper is a less accurate rneJsurcment Jnd should Only be used for a rough estimate of the soil pH. The electrode must be used for this meJsurcment unless the pH j ~nsitive paper is specified. 

4. Signific3nce and l 1se 
4.1 The pH of the soil is a useful variable in determining 

'This test method is und·a the junsdic!LOn of .-I.ST\1 Commit:~= D-1 Son Soil ~",d Ro.-k and is the direct responSJbilitv o( SubcommLUe;: OIS.2::. on Sod J.S J. 

I 
l~dt• PIJ.nt Gro...,l:h. . 
~~ ~dinon appro\ed ::-\ov. 10. 1989. Published December i9S':l. -J. The boldfJ.ce nur.1bers Jn parentheses rc:fer to a ltst of re(errnces a! the end of ··t test method 
J -~nnuaf Book o(AST.tf Standards. Vol 0-!..0 I '-~nmwf Book ~(AST.\1 Srar:dards. Vol 03.02. 

the solubility of soil minerals. the mobilitv of ions in the soil and assessing the viability of the soil-pla~t em ironment. . 4.2 pH measurements are made in both water and a calcium chloride solution. because the c3.lcium displaces some of the exchangeable oluminum. The low ionic strength counters the dilution etTect on the exchange equilibrium bv setting the salt concentration of the solution closer to tha·t expected in the soil solution. The pH values obtained in the solution of calcium chloride ore slightly lower tbon those meJsurcd in water due to the release of more aluminum ions \Vhich then hydrolyses. Therefore. both me3Surements are required to fully define the character of the soil's pH. 4.3 For the purpose of this test method the test soil must be sie\·ed through J \o. JO sie\·e (2 mm sieve mesh openings). ~k:J.suremcnts on soils or soil fr:1nions having pJrticle sizes !Jrgcr than 2 mm bv this test method mJv be inv::l!id. If soil or soil frJ'2tions w-ith p;lrticles bn:er th~n ~ mm Jrl' used. it must be st:::.tcd in the report since -the resulrs mJy he significJntly di/Tuc11. 
-fA .-\11 water used for this test method musL be distilled and lkiuni;.ed. 

5. Interferences 
5.! This test method JS meJsured by a pH pro~ h:.ts pos5ihle interferences due to J suspcnston dTccr or ~dim entation pntcnti;JL Users in!L'rcstcJ in J Jctaikd Jiscuss1on of the mcch:1nism of this ciTcct can lind it in RefS (5) .1nd (6). 5.2 This cllCct is the m:..~in reJson Test \lcthod G 51 C;Jn nut b~ used (or gener:J! mc:Jsurcrncnt of pH outside of thJt for corrosion analy<;is. Tcsr \kthoJ G 5! mcJ.~urcs pH {Jn JQUCOLIS r:lrJmt:ter) \Vilhout Jdding Jny JQUCOUS phJSC to th~ soil. This results in e.xcessive soil p:.~n.icle-pH probe Cl)fl(;Jl"t that O\Tr-cstimJ.tcs the :JC'd\"lt\· of the h\drol?.cn ions in solution :.md is thcre!.orc unJl.·ccPtJblc for- gen~ral soil JnJlysis. 
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5.3 The suspension etTcct cJn be mitigated by cJrcful attention to 9.1. 

6. Apparatus 
6.1 ,\lcthod .i. pi{ .\fctc·r-Potentiometer equipped with gbss-calomel electrode system. Follow the manufJ.cturcr·s instructions for the pH meter used . .--\ silver/sih·er chloride electrode system or simi!Jr is ;:dso Jcccpt.J.blc. 6.2 .\fcilwd B. pH Paper-pH paper sensiti'e to a pH rJnge from l to 12. with resolution to the nearest 0.2 pH una. 

7. Reagents 
7 .I Purin· a( Reagems-Reogent grode chemicals should be used in ~II t.ests. Unless othe;,.-ise indicated. it is intended then all reagents should conform to the specifications of the 

'· 

-t..> ., 

J 
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Committee on .-\n:J.l\1ic;:ll ReJgents of the .-\meric.:tn Chem
ic:J.\ Society, \vhere ;uch specifications are avJi!J.ble. 5 Other 
gr::1des may be used. provided it is lirst ascenained thJ.t the 
reJgent is of sufficient purity to pennit its use without 
lessening the accuracy of the determino.tion. 

7.2 Puricv o(ll"acer-\Vater should be distilled. deionized 
water. but ~ot- necessarily free of carbon dioxide. The pH of 
the water should be checked prior to testing the soil. Should 

it fJ!l outside the range of 6.5 to 7.5. it should be discJ.rded 
and other water obtained for the test. 

7.3 .·Jcid Pocassium Piuha/Qfe Bwfer Solucion (0.05 .tn
Dissolve 10.21 g (dried I hat 105"() of potassium phthalate 
in water and dilute to 1 L. The pH of this solution should be 
4.0 at :20°C. .Protect the solution o.gainst evaporation and 
J.gJ.inst cont:tmin;:nion with molds. Replace the solution 
when mold is noticed. The e!Tect of temper:J.turc is: 

5 to 37 

pH 

,_0 

This illustrJ.tes thJ.t the pH of the solution does not ch:tnge 
O\-lT the ro::mge in tempcrJture from 5 to JT'C. 

7.~ Cuh·i11m Clifvml<' Scvck Sa!wion ( 1.0 .\n-Dissol1c 
l-+7 g of CJC1~·2H~O in WJter in J 1-L volumetric tbsk. 
COl)!. dilute to \~O!u~e \Vith \VJter. Jnd mix. Dilute 15 mL or 
this solution to :200 ml \vith wJter in J \"Olumetric lhsk. 

7.5 Cu!cium Ch/orule .)~ulwion (Cl.O l .~!)-Dilute 20.0 ml 
of stock 1.0 .\! CJC1, solution to c L 111th wJtcr. The pH of 
this Sl)lution should be bl't\\"Cen 5 :wd 7. 

7.() !Jjl(l.l"{!llll!l' Bu_r,r;_.,. s(i(U{{U!I {0.025 .\1)-DissolYe 3.-+0 g 

,lr Kll~PO.j Jnd J.55 g oC :'\:t~HPO~ in w~Her Jnd dilute tu l 
!.. Dr:: salts::: h :tt l Jrrc hdnrc USL'. The pi! or this SCJ!ution 
-~htlllld he t1.(J at :::lrC. The ctkL·t Llftc:npcr:tturc is :..~s !"t)\kJ\\S: 

·c rll 

\) 7.0 
!tl fl.') 

:o 6 ') 

30 6 J 

"' b s 

X. Calibration of pi I \ Ictl'r 

S.l C:!librJte the pfl meter using the JciJ roussturn 
phth:llate JnJ rhosplnte butTer solutions .. ·\d_iustmcnt Llf the 
pi! meter shou\J !"oll,J\\" the nunuiJcturers direction. 

9. Procedure 

9.1 \Vhen rnJking mcJsuremcnts \\·ith the pH ~lectrodc. 

pbcc the dcctrodc into the pJnl:..~l\y scttkd suspension to 

mitigJtc the suspension c!Tect. 
9.2 For bmh methods. begin with Jn Jir dried soil thJt hJs 

been sieved through J :\o. 10 sieve (2 mm holes) to remove 
the coarser soil t"rJction . .-\ir drying the soi! is nccessJry to 
JCCOmp\ish SieYing J!ld tO COntrol the JmOUnt Of WJtCr 
present Jt the time of meJsurcment. 

9.3 p/-l in Disul/ed ll"uca-For both methods. weigh out 
Jpproxim;:Hely 10 g of:tir dried soil. P\Jce the soil into J g!Jss 
contJincr Jnd add JpproximJtely !0 mL of distilled \vJter. 

~ ·"R<:Jg~nl Ch~:mtcJ...ls. AmericJn Che:nlCJI Soc1t:ty Sp-<!ctiicJtions_·· -\m. 

Cb::nicJl S..x .. \VJ.Shmgton_ DC For sug_gt:stt0nS on th<! tesung oc· re:~gc:its r.m 
list~d bv thL' .-\m~ri2Jn Chemic:~! Soci~tv, sec ··Rc::zcnt ChcmlcJ...ls Jnd StJr.J::uds. 

by Jose.ph Rosin. D. VJn :--:ostr.lnd Co .. Inc .. \.c-w York. I'·f'{. Jnd the L"nit<!d 

Sutcs Ph:Jrm::cop-::1J. 

~!ix thorough!' and let stand for I h. 
9.4 .\fuhud -~-Rcod pH on pH meter. 
9.5 .\feclwd B-Read pH on pH popcr. 
9.6 p/-l in 0.01 .\!Calcium Cidorid,• Sollluon-For bc:c 

methods \veigh out ::lpproxim:ne!y !0 g. of Jir dried soil. Pl::..:;? 
the soil into a g.l:tss contJ.iner Jnd add Jpprox.imJtcly !0 rr.L 
of the 0.01 .\! (JCI, solution. ~lix thoroughl1 ond kt stoc.~ 
for I h. 

9.7 .\fer hod .-1-ReJd pH on pH meter. 
9.8 .\feclwd B-Rcod pH on pH papcc. 
9.9 The mixture should be Jt .:::pproximJtely room tc:-:-:

pcrarurc ( 15 to 25QCJ Jt the time of pH meJ.suremcnt. 

10. Report 

10.1 Report the pH of the soil 10 the tirst decim:.1l pb-.:::. 
Specify which of the pH meJsuremems is in \vater ;::md 'xn:'"-:-. 
is in the calcium chloride solution .. -\lso spccit~· whether t:-:c..' 

determinations were made \Vith ~lc:hod .--\ or .\lcthod B. Ir· 
size frJcrions other than sie\·ed throug__~ rhe :\o. !0 sit:\"C :::::: 

used. it must be SLJ.tcd in the repori. since the results mJy t-:: 
significJntly difTcrcm. 

ll. Precision :1nd Bi~s 

ll.l PrL'L'i.1i1111." 

!1.1.! !f"iillin-Ld)(l(([{llf_r Prcc:·sir'l:-The within !J.bo:-J
tor:.-· stJnd:~rd lk\-iJtiuns t'or \!c~hod .--\ 2:-e 0.03! \PH uni;.s·, 
for the \\":ttcr rni.\turL' :1nJ 0.! 3Y" (pH u:1itsl for the c:llc:;_;~. 
chlorilk mi:.:.tu~e. Thacforc. rcsu!ts 0r" t\\O properly cc::
JuctcJ tests tn the 'l:.lml' ("Jr Jir!"crcr~t :JCur:Hvrics shoulJ r.o: 

Jil1"cr by nwre th~~n l)_0fJ5" I pH uni:s) fur thc \\Jter mi.\l"...:~~· 

Jnd t).3~9 p!-1 untts t"ur the l"Jkium chloride- mixture. T:-:c 
within-IJhur~ltury sunJJrd de\ iJtinns for .\kt!ll)d [3 J~'-' 

0.! 89 (pi! units l t·ur the \\ ~ller :-10 :.\:urc Jr.J 0.~ l :" (rll u n i :s' 

rur the L"Jktum chllHlde lll\.\lUrL'. Thc:-;:-~'orc. results ,~( ['.\t~ 

properly conduneJ tL)tS in the sJ.rn:: ur J~trcr:...'nt l:Jhnr:tt,>r:--.·s 
stwuld nut (~:IYer by nwrc th:Jn 0.5 )"{pH units) fm thL' \\;!:--.·:

mix.turc Jnd n.t;O pi! units t"nr the L'J!Ci"J:-:1 chlllriLk rni.\tL::--.:. 
!1.!.\.l The prL·l·isllHltJt"\kth,:C -\ ;:'rCSeTltcJ was JcL·:-

mtncJ by the :\~HillnJl Tl'chnicJI Cl':--:tcr l)t"thc l"ntteJ Su:-...·, 
Department ut-.\~riculturl·. In :hc:r (''.2h.!:..~tion they USL'd ~-..: 

rcp\icJtcs for thl· '-'"Jt,-.:r 1111\ture Jnt: .:: rcr-li..:Jtcs in testt:--;:; 
the cJ!cturn chl,mJc rr.t.\tiJ:-c. 

!1.1.!.2 The rrecision ot" \1-.:tr.~..--:d B ;-r~..·sl·nt'-'J w~1s Jl':--.·:-
mincd by the Lnttcd StJ.tcs Ann: E:-1\ironrr:ent:Jl 11~-g:-..._':-::: 

.-\gency. In thLlr C\Jlu:JtiL'n the~. uscj =~ re;::-liL"Jtes in tcs;::-:; 
e::1ch mixturL. 

11. l . 2 !J c!lveen- Lu/1unu1 Jr_r Pr~'l'! (:"t11:- The bet ween -!J bl
fJtor_·; StJmlJrd de'."iJtion hJS r.Ol rc;:-n CctcrmJned for cithc:
mcthod. Subcommittee 0!8.06 is Jct;':c\y se~king l.b!J t•J 
C:VJ]UJtC the between !Jbor:lt()~, prt?C:StOn Of this tcs: 
method. 
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11.2 Bias-There is no Jccc~tcd rc-;'crcncc \"Jiuc t"or t~is 

test method: therefore. biJs ..::J.nnot be Cc~crmincd. 

12. Keywords 

12.! soil: pH: :1cidity: Jil\:J.linity: :-e::!cr:ion 
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·' M Designation: D 2974- 87 ,W 

Standard Test Methods for 
Moisture, Ash, and Organic Matter of Peat and Other Organic Soils 1 

This sund:J.rd is issued under the iixed dcsigna.tion D 2974; Lhc number immediately following U:e designation in_dic.J.tes the ye:u of 

original ;:~dopt 1on or, in the case of revision, the yc::ar oflast n=\ision. A number in parentheses mdicatcs the year otlJ.st fC.lpprova.l. A 
superscript epsilon (1) indicates an editorial change since the last rt:\ision or rcapproval. 

. Scope 
1.l These test methods cover the measurement of mois!re content, ash content, and organic matter in peats and her organic soils, such as organic clays, silts, and mucks. 1.2 The values stated in SI units are to be regarded as the andard. 
J.J This standard may involre ha::ardous mazeria!s. operfons, and equipment. This swndard does nor purport to /dress all ofrhe safery problems associ01ed wirh its use. fr is e responsibiliry of rhe user of rhis standard ro esrablish propriare safery and heal!h praCiices and determine the olicability ofrcgulawry lirnitarions prior !0 use. 

Summary of :'>lethods 
'.I .\fcrlzod A-Moisture is detamined by d!!ing a peat orgJnic soil sampk at 105°C. The moisture content is Jrcssed eith~r .15 a percent of the oven dry mass or of the ·eceiv·~rl mJss . 
. 2 oJ B~ This is an Jltcrnativc moisture method ·.ch rt1novcs the totJ! moisture in two steps: (1) evJporJ' of moisture in Jir at room temperature {air-df}ing), and the subsequent oven drying of the air-dried SJmpk at T. This method provides a more sLJblc S:Jmpk. the dried sarnpk, \lrhen tests for nitrogen, pH, cation exlge, and the like arc to be made. 3 Merlzoci.r C and D-.-\.sh content of a peat or organic SJmpk is determined by igniting the oven-dried s.Jmp!e . 1 the moisture content dctennination in a muffie furnace lO'C (Method C) or 75o·c (Method D). The subsLJnce lining after ignition is the Jsh. The ash content is exred as a percentage of the mass of the oven-dried S:Jmple. t Organic m::ltter is determined by subtracting percent ·onrent from one hundred. 

pparatus 

Oven, capable of being regulated to a constant temperof !05 ±ST. 
TE- The temper;::!ture of ros·c is quire critical for organic soils. ;en should be checked for "hot spots~ to avoid possible ignition of :c1men. 

Jfuj]le Furnace, capable of producing consLJnt ternIres of 440•c and 7 5Q•c_ 

::s.e r~- .ihods arc under the jurisdiction of ASTM Commiuce 0...18 on Rock and are the direct responsibility of Subcommittee 018.13 on Peats lied .\iateriJJs. 
·nt edition approved .\iay :9, 1987. Published July 1987. Origjrrally 'd as D 2974- 71. L..ut prc\iou.s edition D :974- 84. 

3.3 Evaporating Dishes, of high silica or porcelain of not less than 100-mL capacity. 
3.4 Blender, high-speed. 
3.5 Aluminum Foil, heavy-duty. 3.6 Porcelain Pan, Spoons, and equipment of the like. 3.7 Desiccator. 

4. Preparation of Sample 
4.1 Place a represenLJtive fJeld S:Jmple on a sqllll'e rubber sheet, oil cloth, or equivalent material. Reduce the S:Jmple to the quantity required by quartering and place in a moistureproof contJ.iner. Work rapidly to prevent moisture loss or perform the operation in a room wirh a hig.h humidity. 

~!OtSTL'RF: COC,TDT 

5. i\lethod .-1. 
5.1 Record to the nearest 0.0 I g the mass of a high silica or porcelain evaporating dish fitted with a heayy.-cfuty aluminum foil cover. The dish shJI! have J cJpJciry of nor less than I 00 mL. 
5.2 Mix thoroughly the representative S:Jmple and place a test specimen of at least 50 gin the cont.liner described in 5.1. Crush sofrlumps with a spoon or spatula. The thickness of peat in the container should not exceed J em. 5.3 Cover immediately with the aluminum foil cover ::1nd record the mass to the nearest 0.0 I g . 5.4 Drv uncovered for at least 16 hat !OS"C or until there is no ch;nge in mass of the sample after further drying periods in excess of I h. Remove from the on::n. cover tightly, cool in a desiccator. and record the mass. 
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6. ~lethod A Calculation 
6.1 Calculnte the moisture content as follows: 

Moisture Content,%= [(A- B) x lOOl/.-1 
where: 
A = mass of the ns-received test specimen. g, and B ~ mass of the oven-dried specimen. g. 6.1.1 This calculation is used primarily for agriculture, forestry, energy, and honicultural purposes and the result should be referred to as the moisture content as .1 percentage of a.sMreceived or totaJ mass. 

6.2 An alternative calculation is as follows: 
Moisture Content, :0 =[(A- B) X lOO)/B 

where: 
A = as-received test specimen. g, and B ~ mass of the oven-dried specimen. g. 

:I 
'I 
I 
I 
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6.2.1 This calculation is used primarily for geotechnical 
purposes and the result should be referred to as the rnoJsture 
content as a percentage of oven-dned m_ass. 

· Take care to indicate the calculauon method used. 

7. Method B 
7.1 This method should be used if pH, nitrogen content, 

cation exchange capacity, and the like are to be tested. 
7.2 Mix the sample thoroughly and select a I 00 to 300 g 

representative sample. Deterrnine the mass of this sample 
and spread evenly on a large flat pan. Crush soft Jumps with 
a spoon or spatula and let the sample come to moisture 
equilibrium with room air. This will require at least 24 h. Stir 
occasionJlly to maintain ma'<imum air exposure of the entire 
sample. \Vhen the mass of the sample reaches a const:mt 
value. c.::tlculate the moisture removed during air drying as a 
percentage of the as-received mass. 

7.3 Grind a representative portion of the air-dried sample 
for I to 2 min in a high-speed blender. Use the ground 
portion for moisture. Jsh, nitrogen, cation exchJnge capacity 
tests, and the like. 

7.4 Thoroughlv mix the air-dried, ground sample. Weigh 
to the nearest 0.0 I g the equivalent of 50 g of test specimen 
on an as-received basis. Determine the amount, in grams. of 
Jir-Jried S.:lmpk cquivJ.!ent to 50 g of as-received sample. Js 
fo])l)\VS: 

Equi,aknl Sample ).bss. g ~ 50.0- [(50 x .\nJIOO] 

where: 
.\f = muisturc rcmo\·cJ in ~ir drying, CO. 

Pl:.lcc the s:1mpk in J container :1s JcscribcJ in 5.1 JnJ 

piv,.__ccJ as in Method:\. 

H. 1\lcthud B C:.llcul:ltion 

8.1 C:.llcubtc the moisture content o.s fo!lo\vs: 

~luiswrc Content. r:~ =(50 - B) X 2 

\vhcrc: 
B = ovcn-JricJ SJmpk:. g. 

8.1. 1 This CJlcuLnion gi\'CS moisture content JS J pcr
ccnt:Jgc of :lS-rcccivcd mJss. 

8.2 :\n J!tcrnati\·c c::dcuLuion is JS fol\O\\:S: 

~loisturc Content, 'C =[(50- B) x !00]/B 

8.2.1 This cJlcubtion gi1,·es moisture comcnt Js J per
centJgc of oven-dried ffiJSS. 

AS!! CO:'-iTE:>I 

9. :\lcthod C 

9.1 Determine the mass of a covered hig.h-silicJ or porce
lain dish. 

9.2 Pbce a part of or all of the oven-dried test specimen 
from a moisture detennin:::nion in the dish and determine the 
mass of the dish and specimen. 

9.3 Remove the cover and place the dish in a muffie 
J.ce. GrJdually bring the temper::nure in the furnace to 
C and hold until the specimen is completely ashed (no 

change of mass occurs after a further period of he::ning). 
9.4 Cover \Yith the retained aluminum foil cover, cool in a 

desiccator, and determine the mass. 

9.5 This method should be used for all geotechnical and 
general classification purposes. 

10. Method D 

I 0. I Deterrnine the mass of a covered high-silica or por
celain dish. 

10.2 Place a part of or all of the oven-dried test specimen 
from a moisture detennination in the dish and dctennine the 
mass of the dish and specimen. 

10.3 Remove the cover and place the dish in a muffie 
furnace. Gradually bring the temperature in the furnace to 
750°C and hold until the specimen is completely ashed (no 
change of mass occurs after· a further period of heating). 

10.4 Cover "ith the retained aluminum foil cover, cool in 
a desiccJ.tor, and detennine the mJss. 

I 0.5 This method should be used when peats are being 
evaluoted for use as a fuel. 
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11. Calculation for :\lethods C and D 

I I. I Calculate the ash content as follows: 

Ash ConJenl. ';;, ~ (C x 100)/B 

where: 
C ~ ash. g, and 
B = oven-dried test specim(2n. g. 

ORt;.\StC .\t..\ TfER 

12. Calcubtion 

12.1 Determine the amount of org:mic m~wcr by di!Tcr
cm.:c, :J.s follows: 

OrgJnic m:lttcr. ~ = tOO.O ~ D 

where: 
D = ash content. c:.::. 

13. Report 

13.1 Report the following information: 
1 3.1.1 Results for organic matter and ash content. to the 

nearest 0.1 ?0. 
13.1.2 Furnace tcmpcr:Hurc used for Jsh content dctcrmi-

nJtions. 
13. I .3 \Vhcthcr moisture contents arc by proportion of 

Js-received m::1ss or oven-dried mJss. 
13.1.3.1 Express results for moisture content as a per

centJge of as-received mass to the neJrest 0.1 ~. 
\3.1.3.2 Express results for moisture content :1s a per-

centage of oven-dried mass ::J.S follows: 
(a) Below I 00 % to the nearest I S'O. 
(b) Between 100 S6 and 500% to the neJrest 5 %. 
(c) Between 500 % and I 000 % w the ne:1rest 10 :C. 
(d) Above 1000% to the nearest 20 S'O. 

I..f. Precision and Bias 

14.1 The precision and bias of these test methods h:1ve not 
been determined. Data Jre being sought for usc in de\·el
oping a precision and bias st::J.tement. 
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The Amencan Society tor Tesring ano Materials lakes no position respecting u,e validity of any patent nghts as.serred in connectiOn 
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SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 1 of 46 

STANDARD OPERATING PROCEDURE (SOP) 

1. TITLE-Data Validation Procedures for EPA Level III Data 

2. PRINCIPLE REFERENCE-

U.S. EPA "National Functional Guidelines for Organic Data 
Review", December 1990, revised June, 1991. 

U.S. EPA "Laboratory Data Validation Functional Guidelines for 
Evaluating Inorganics Analysis", October 1989. 

U.S. EPA "Laboratory Data Validation Functional Guidelines for 
Evaluating Inorganic Analyses", July 1, 1988. 

3. APPLICATION-The purpose of this Standard Operating Procedure 
(SOP) is to establish a uniform procedure for evaluating the 
quality of data obtained from laboratories. The validation 
procedures contained in this SOP are applicable to data where 
a summary Quality Control (QC) package has been required. 
Data may be validated against criteria in SW846, EPA 600 
Series Methods, CLP, or other reference methods. The contents 
of the QC package can be determined by the client or specified 
in the Quality Assurance Project Plan (QAPP) or Sampling 
Analysis Plan (SAP), however, the following quality control 
results are generally reviewed: 

Organics 

Holding Times 
Laboratory Blanks 
Surrogate Spikes 
Matrix Spike/Matrix Spike 
Duplicates (MS/MSDs) 
Field Blanks 
Field Duplicates 

Inorganics 

Holding Times 
Laboratory Blanks 
Laboratory Duplicates 
Laboratory Control Samples 
Matrix Spikes 
Field Blanks 
Field Duplicates 

Additional quality control results will be reviewed if required by 
the project. These include: 

Note: 

Organics 

Tuning Results 
Initial and Continuing 
Calibrations 
Internal Standard Areas 

Inorganics 

Initial/Continuing Calibrations 
ICP Serial Dilution 
Post Digestion Spikes (PDS) 
Method of Standard Additions 
(MSA) 

This SOP is written mainly for water matrix samples, and 
limits may vary slightly for other matrices. 
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4. SUMMARY OF PROCEDURE The goal of data validation is to 
document noncompliance to the QAPP/SAP or method criteria and 
to determine the affects of noncompliance on data 
usability/project objectives. During validation, qualifiers 
are placed on the data to identify quality control deviations 
as defined below; the following definitions ar€ brief 
explanations of the validation qualifiers. 

U - The analyte was analyzed for, but not detected above the 
reported quantitation limit. 

J - The analyte was positively identified; the associated 
numerical value is the estimated concentration of the analyte 
in the sample. 

UJ - The analyte was not detected above the reported sample 
quantitation limit. However, the reported quantitation limit 
is approximate and may or may not represent the actual limit 
of quantitation necessary to accurately and precisely measure 
the analyte in the sample. 

R - The sample results are rejected due to serious deficiencies in 
the ability to analyze the sample and meet quality control 
criteria. The presence or absence of the analyte cannot be 
verified. 

General Guidelines: 

During the validation process it is important to document 
noncompliances to the method and/or QAPP/SAP (and samples affected} 
to ensure incorporation of these noncompliances into the validation 
report. A form has been included in Attachment 1 which may be 
useful to cite problems with data packages and indicate which QC 
parameters were evaluated. 

Data qualifiers should be written directly on the analytical 
reports during validation. The reason for the qualifiers should be 
stated at the bottom of the sheet. Any changes to the qualifiers 
should be crossed out with a single line, initialized and dated. 
A red pen should be used for applying codes. 

The QAPP/SAP and the field forms are tools for the validation 
process. The QAPP/SAP defines specific quality control limits 
required for the project and other pertinent information 
(completeness criteria for project}. The field forms are necessary 
to identify field quality control samples since these samples are 
often blind to the lab and may be blind to the data reviewer. 
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Assure that the following information is included in the data 
package, for each analyte and for each sample, as applicable. If 
this information is not available, contact the laboratory and 
obtain the missing data. 

1. Chain-of-Custody Form 

2. Cooler Receipt Form 

3. Analytical results for each requested sample and analyte- the 
results received should be backchecked against the custody 
form to assure all requested analyses have been received. 

4. QC data should also undergo a completeness check; the 
requested quality control data should be present for each 
sample. 

5. Any reanalysis results due to out-of-control surrogates or 
internal standards (if reported). 

6. Date of Analysis. 

7. Date of Extraction (where applicable). 

8. Method of Analysis. 

9. Contract Required Quantitation Limits for aqueous samples 
should meet those which were requested (in QAPP/SAP); if not, 
verify that the sample was diluted. Detection limits achieved 
may not always be those requested for soil samples due to 
moisture content. 

10. Batch number- Each sample for each type of analysis should be 
associated with a batch number so that the correct laboratory 
QC can be associated with it. 

B. Organic Data Validation 

The following guidelines are applicable to all organic analyses. 
When analyses are non-routine the reviewer should be thoroughly 
familiar with QAPP/SAP and method requirements. 

1. Holding Times/Preservatives 

Holding times are determined from the date of the samples 



SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 4 of 46 

collection to the date of analysis (or extraction) . 

a. Evaluate chain-of-custodies to detemine sample collection 
date and the analytical report for the analysis and extraction 
dates. Chain- of- custodies should also be evaluated for 
correct preservation. Samples submitted for Volatile Organic 
Compounds (VOCs) should be preserved with 1:1 hydrochloric 
acid to a pH <2. At this time; it is also convenient to check 
that a trip blank is present in the specified frequency for 
aqueous VOCs. 

b. The following table summarizes holding time requirements. For 
non-routine organics the QAPP/SAP should be reviewed for the 
correct holding time. 

PARAMETERS AQUEOUS SOLIDS 

Volatiles 14 days if 14 days 
preserved, 7 days 
if not preserved 

Semi volatiles Extraction - 7 days Extraction -14 days 
Analysis - 40 days Analysis - 40 days 
from extraction from extraction 

PCB/Pesticides Extraction - 7 days Extraction -14 days 
Analysis - 40 days Analysis - 40 days 
from extraction from extraction 
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c. All results for samples with holding time exceedances are 
qualified If the holding time exceedance is minor (ie. 
within twice the holding time), results are qualified as 
estimated for nondetects and positive results (UJ and J, 
respectively). Samples exceeding twice the holding time 
(excessive holding time exceedance) are qualified as rejected 
(R) for nondetects and estimated (J) if a positive result. 
Samples exceeding holding time requirements are considered to 
have a potential for low bias due to constituent degradation 
during the prolonged holding times. 

l. If aqueous VOCs were not preserved this should be noted in the 
validation report and holding time qualifications are based on 
7 days. 

2. If a trip blank is not present in the specified frequency for 
aqueous VOCs, this should be stated in the validation report 
and associated samples listed. 

d. Sample temperature on arrival at the laboratory should be 
4°C±2°C. Samples arriving at temperature outside this range 
should be qualified as follows: 

Intact samples between 2-6°C. No qualifiers. 

Samples between 6-l0°C. 
(UJ and J) . 

All results qualified as estimated 

Samples greater than l0°C. All nondetect results qualified R. 
Positive results qualified J. 

BNAs, PCB/Pesticides and Herbicides 

Intact samples between 2-6°C. No qualifiers. 

Samples greater than 6°C. All results qualified as estimated 
(UH and J) . 

2. GC/MS Tuning 

Results of GC/MS tunes (often reported on CLP form V) should be 
reviewed to insure that ion abundance criteria as stated in the 
method of analysis is achieved. If criteria has not been met, 
contact the lab to verify that a transcription error has not been 
made (request raw data). If critical ion abundance criteria as 
defined below are not met, both non detect results and positive 
results should be rejected (R). If relative abundances of non
critical ions are outside criteria, nondetects and positive results 
should be qualified as estimated (UJ and J, respectively). 



BFB: 
Characteristics Ions 

50 
75 
95/96 

174/175 
174/176 
176/177 
173 

DFTPP: 

Critical Ions 
198/199 
442/443 

68 
70 

197 
441 
365 
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Non-critical Ions 
51 

127 
275 

Tune forms should also be reviewed to verify samples were analyzed 
within the 12 hour tune period. The 12 hour tune period starts at 
the injection time of the tuning compound (BFB or DFTPP}. All 
subsequent sample injections should be within this twelve hour time 
frame. If exceedances are evident (usually minor} note these in 
the validation report. If the reviewer has reason to believe the 
exceedance of the 12 hour tune period has affected data 
quality/usability; results should be qualified. 

3. Calibration 

a. Initial Calibration 

The initial calibration curve for volatile and semivolatile 
analyses must contain five calibration points, include all 
compounds reported and reflect the linear range of the instrument. 
The percent Relative Standard Deviation (%RSD} and Relative 
Response Factors (RRFs} for each compound must be reported. 

1. %RSDs must be ~30% for CCC compounds (VOA and SVOA}. Positive 
results associated with the CCC compounds exceeding this limit 
should be qualified (J} . Nondetects associated with high 
%-RSDs should also be qualified (UJ} if the exceedance is 
excessive (ie.,>50%RSD}. 

2. If an SPCC has any initial calibration RRF which is <0.05 for 
SVOA or <0.3 for VOA, except bromoform, <0.25, qualify 
positive results for this compound as estimated (J} and 
nondetects as rejected (R} in associated samples. 
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The initial calibration curve for GC analyses ( PCB/pesticides, 
herbicides) require five calibration points for single component 
compounds and three calibration points for multi-component 
compounds (ie aroclors, toxaphene & chlordane), must include all 
compounds reported (including surrogates), and reflect the linear 
range of the instrument. The percent Relative Standard Deviation 
(%RSD) for each compound must be reported. If the %RSD criteria is 
not met (20% for single component and 30% RSD for multi
components), qualify associated positive results as estimated (J). 
If the exceedance is excessive (>40%RSD), qualify both positive and 
nondetects (J and UJ, respectively) per SW-846. 

b. Continuing Calibration 

The continuing calibration standards for volatile and semivolatile 
analyses must be analyzed at the start of each 12 hour analysis 
period and must include all compounds reported including 
surrogates. The Percent Difference (%D) and the Relative Response 
Factor (RRF) for each compound must be reported. 

1. %Ds must be ~25% for VOA CCC compounds or ~30% for SVOA CCC 
compounds. Positive results associated with CCC compounds 
exceeding this limit should be qualified J. Nondetects 
associated with high %Ds should also be qualified (UJ) if the 
exceedance is excessive (ie., >50%D) 

2. If an SPCC compound has a continuing calibration RRF which is 
less than 0.05 (SVOA) or 0.3 (VOA; except bromoform, 0.25), 
quality positive results for this compound as estimated (J) 
and nondetects as rejected (R) in associated samples. 

Continuing calibration checks for GC analyses (PCB/Pesticides, 
herbicides) are to be analyzed every ten analyses and must include 
all single component Pesticides reported (including surrogates). 
If the %D reported is greater than 15%, associated positive results 
should be qualified as estimated (J) Nondetects associated with 
high %D should also be qualified (UJ) if the exceedance is 
excessive (ie.,>30%D) 

4. Blanks 

The purpose of the laboratory blanks (or field blanks) is to 
determine the existence and magnitude of contamination resulting 
from laboratory (or field) activities. The procedure for 
evaluating blanks applies to all types of blanks (ie., method 
blanks, instrument blanks, trip blanks, and field blanks); however, 
there is an order (or hierarchy) in which they should be evaluated 
(ie. method/instrument blanks, trip blanks, and lastly field 
blanks). Results must not be corrected by subtracting any blank 
values. 
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Frequency - The frequency of blanks should be as stated in the 
QAPP/SAP or method (usually daily or every 20 samples) and blanks 
should be submitted for every matrix analyzed. If the frequency 
criteria has not been met, this should be stated in the validation 
report. 

a. Laboratory Blanks - The B qualifier used by the laboratory 
should be eliminated and a U qualifier applied as discussed 
below. If a compound is found in the blank but not the 
associated samples, no action is taken. 

Common Lab Contaminants: 
Volatiles 

Methylene Chloride 
Acetone 
2-Butanone 
Toluene 

Semi volatiles 

Phthalates 

The lOXs rule applies to common lab contaminants: A compound 
detected in the sample and also detected in the blank is qualified 
U if the sample concentration is less than lOXs the blank 
concentration. The quantitation limit should also be evaluated: 

If the reported value is less than the quantitation limit, this 
value should be raised to the quantitation limit and qualified U. 
Example (using lOXs rule) : 

Blank result 
Quantitation limit 
Sample result 
Validated result 

7 
5 
3J 
su 

If the reported value is greater than the quantitation limit, the 
value should remain as reported and qualified U. Example (using 
lOXs rule) : 

Blank result 
Quantitation limit 
Sample result 
Validated result 

7 
5 
50 
sou 

Data users should be made aware of elevated detection limits due to 
blank contamination in the validaton report. The 5Xs rule follows 
the same procedure; however, it applies to target compounds which 
are not common lab contaminants. 

b. Trip Blanks (VOCs) - If trip blanks show contamination that is 
not related to the lab, associated samples should be qualified 
using the 5Xs rule. 
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c. Rinsate Blanks - In general, results for rinsate blanks are 
only applicable to aqueous samples. Positive results in the 
rinsate blank, that are not related to the lab or shipment 
(trip blank) are considered to be contamination from 
inadequate field decontamination procedures. Associated field 
samples should be qualified using the procedure discussed 
above ( 5Xs rule) 

5. Surrogate Spike 

Surrogate recoveries should be evaluated using limits as specified 
in the QAPP /SAP. Every sample should have surrogate recovery 
results if required in the method. 

a. High recovery: Qualify positive results J; a high bias is 
present. Non detects are unaffected. 

b. Low recovery (but greater than 10%-): Qualify both nondetects 
(UJ) and positive results (J); a low bias is present. 

c. Very low recoveries (less than 10%-): Qualify positive results 
as J and nondetects as R. 

d. Both a low recovery and high recovery are present: Qualify as 
in (b) unless a recovery is less than 10%-; use (c) in this 
case. 

When evaluating semivolatiles, 2 surrogate recoveries need to be 
out- of- control in the same fraction ( ie. 2 acids or 2 
base/neutrals) and only compounds of the out-of-control fraction 
are qualified as in (a) and (b) from above. If any one surrogate 
recovery for semi volatiles is less than 10%-, the associated 
fraction is qualified as in (c). 

If surrogate recoveries are outside the established limits for 
VOCs, a reanalysis may be required; refer to the QAPP/SAP to 
confirm if this requirement exists. If the reanalysis results are 
within the surrogate limits, only the reanalysis results should be 
reported. If both analyses are outside surrogate limits, the 
results associated with the sample producing surrogate recoveries 
closer to the established limits should be used. 

6. Matrix Spikes/Matrix Spike Duplicates 

Quality control limits as specified in the QAPP/SAP should be used 
to evaluate MS/MSD recoveries. RPD' s are reported for all 
organics, but the limits are not applicable per SW-846. Generally, 
only the unspiked sample is qualified if the MS/MSD is outside 
established limits. 
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a. High recovery: Qualify the compound exhibiting the high 
recovery J in the unspiked sample if the result is positive; 
a high bias is present. Nondetects are unaffected. 

b. Low recovery (but greater than 10~); Qualify both nondetects 
and positive results (UJ and J, respectively) for only the 
compound which exhibited the low recovery in the unspiked 
sample; a low bias is present. 

c. Very low recoveries (less than 10%): Qualify the compound 
exhibiting the very low recovery J if the result of this 
compound in the unspiked sample is positive and R if 
nondetected. 

d. Both a low recovery and high recovery are present: 
in (b) unless a recovery is less than 10%; use 
case. 

7. Laboratory Control Samples 

Qualify as 
(c) in this 

Qualify samples based on limits as presented in the QAPP/SAP. If 
limits are not presented in the QAPP/SAP, use limits submitted by 
the laboratory. Quality recoveries as in 6 a-d. 

8. Internal Standard Areas 

Internal standard area counts are evaluated for GC/MS analyses 
(volatiles and semivolatiles) to ensure that the sensitivity and 
response are stable during each analysis. 

Internal standard area counts must not vary by more than a factor 
of two (-50% to +100%) from the associated calibration standard. 
If the area count for each sample or blank is outside - 50% or 
+100% of the area of the associated standard: 

a. Positive results for compounds quantitated using that internal 
standard should be qualified J. 

b. Nondetected compounds quantitated using an internal standard 
count greater than 100% should not be qualified. 

c. Nondetected compounds quantitated using an internal standard 
count less than 50~ are reported as the associated sample 
quantitation limit and qualified as UJ. 
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d. If extremely low area counts are reported, or if performance 
exhibits a major abrupt drop-off, then a severe loss of 
sensitivity is indicated. A severe loss of sensitivity is 
defined as an area count less than 25% of the lower limit or 
less than a 5000 area count. Nondetected target compounds 
should then be qualified as unusable (R). Positive results 
should be qualified as estimated (J) . 

Internal standard retention times: If the internal standard 
retention time varies more than 30 seconds, the data must be re
evaluated by the lab and raw data submitted for data review. 

9. Confirmation 

Positive results need to be confirmed via a second chromatography 
column for analyses performed via GC or LC analyses (not required 
for GC/MS analyses). The parameters which specifically require 
second column confirmation are PCB/pesticides. For positive 
results, verify that the results were confirmed. If the positive 
results were not confirmed, qualify the result as estimated (J). 

10. Field Duplicates 

The Relative Percent Difference (RPD) should be calculated for 
positive results and results presented in table format with the 
validation report. If one of the values is a nondetect, the 
quantitation limit should be used to calculate the RPD. 

Qualifiers are generally not assigned based on high RPDs; however, 
if field duplicates do not agree with QAPP/SAP requirements, it 
should be noted in the validation report. 

C. Metals Data Validation 

The following guidelines are applicable to all metals analyses. The 
reviewer should be thoroughly familiar with QAPP/SAP and method 
requirements. If a CLP reporting format is submitted, the B 
qualifier which indicates that the concentration is less than the 
Contract Required Detection Limit (CRDL) but greater than the 
instrument detection limit (IDL), should be removed to eliminate 
confusion as to what this qualifier means (it is often thought to 
be lab contamination) . 

1. Holding Times/Preservatives 

Holding times are determined from the date of the sample collection 
to the date of analysis. 
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a. Evaluate chain-of-custodies to detemine sample collection 
date and the analytical report for the analysis dates. Chain 
of custodies should also be evaluated for correct 
preservation. Aqueous metals samples should be preserved with 
1: 1 nitric acid to a pH <2 and aqueous cyanide samples 
preserved with sodium hydroxide to a pH>l2. 

b. The following table summarizes holding time requirements. 

Parameters 

Mercury 
Other Metals 
Cyanide 

Holding Times 

28 days 
6 months 

14 days 

c. All results for samples with holding time exceedances are 
qualified. If the holding time exceedance is minor (ie. 
within twice the holding time) nondetects and positive results 
are qualified as estimated (UJ and J respectively) . Samples 
exceeding twice the holding time (excessive holding time 
exceedance) are qualified as rejected (R) for nondetects and 
estimated (J) if a positive result. 

1. If aqueous metals or cyanide are not preserved at the time of 
collection, qualify positive results and nondetects as 
estimated (UJ and J, respectively). 

2. Sample temperature is not a concern for metals. Cyanide 
samples should be maintained at 4+2 °C. If cyanide samples 
were received at a temperature >6 o C, qualify results of 
nondetects and positive results as estimated (UJ and J, 
respectively) 

2. Calibration 

A blank and at least 3 standards (4 standards for mercury) must be 
used in establishing the initial calibration curve. If not, 
qualify data as unusable (R). A mid-range standard must be 
distilled for cyanide. The correlation coefficient should be 
20.995, if not qualify nondetects and positive results as estimated 
(UJ and J, respectively) 

Initial and continuing calibration verification (ICV and CCV) 
control limits: 

Metals (excluding mercury) 
Mercury: 
Cyanide: 

90-110% Recovery 
80-120% Recovery 
85-115% Recovery 



SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 13 of 46 

If the ICV or CCV % recoveries fall outside the acceptance windows 
within the ranges of: 

Metals (excluding mercury) 
Mercury: 
Cyanide: 

75-89% 
65-79% 
70-84% 

Qualify both nondetects and positive results as estimated 
(UJ and J). 

Metals (excluding mercury) <75% 
Mercury: <65% 
Cyanide: <70% 
Qualify both nondetects and positive results as unusable (R). 

Metals (excluding mercury) : 
Mercury: 
Cyanide: 
Qualify positive results as estimated 

Metals (excluding mercury): 
Mercury: 
Cyanide: 
Qualify positive results as unusable 
(no qualifiers) 

3. Blanks 

111-125% 
121-135% 
116-130% 

(J). Nondetects are usable. 

>125% 
>130% 
>135% 

(R) . Nondetects are usable 

The purpose of laboratory blanks (or field blanks) is to determine 
the existence and magnitude of contamination resulting from 
laboratory (or field) activities. The procedure for evaluating 
blanks applies to all types of blanks (ie. method blanks, 
instrument blanks, and field blanks); however, there is an order 
(or hierarchy) in which they should be evaluated (ie. first 
method/instrument blanks, and last field blanks). 

Frequency - The frequency of blanks should be as stated in the 
QAPP/SAP or method (usually every 20 samples) and blanks should be 
submitted for every matrix analyzed. If the frequency criteria has 
not been met, this should be stated in the validation report. 

a. Laboratory Blanks - If a metal is found in the blank but not 
the associated samples, no action is taken. 

If the concentration of an analyte in the blank exceeds the CRDL 
(or reporting limits if CLP forms are not used) qualify associated 
positive results within five times the concentration of the blank 
as U. (See reference #3). 



SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 14 of 46 

For analytes with negative results whose value exceeds - the CRDL 
(or reporting limit if CLP forms are not used) , nondetects should 
be qualified as unusable (R). Positive results within 3X the CRDL 
should be qualified as estimated (J) and are considered to have a 
potential for low bias. Positive results greater than 3Xs the CRDL 
are acceptable. 

b. Field Blanks - In general, results for field blanks are only 
applicable to water samples. If contamination that is not 
related to the lab is found, associated field samples should 
be qualified using the procedure discussed above. 

4. Laboratory Control Samples (LCS) 

Aqueous LCSs: 

All results should be within 80-120% recovery or as defined in the 
QAPP/SAP. 

If the recovery for a metal is low (50-79% recovery), qualify 
associated nondetects and positive results as estimated (UJ and J, 
respectively). The qualified results have a potential for low 
bias. 

If the recovery for a metal is very low (<50%), qualify associated 
sample results as unusable (R). 

If the recovery is high (>120%), do not qualify associated 
nondetects; qualify associated positive results as estimated (J). 
Positive results qualified have a potential for high bias. 

5. Laboratory Duplicates 

For sample results greater than 5Xs the CRDL (or 
duplicate results should be within 20 RPD. 
associated positive results as estimated (J). 

reporting limit): 
If not, qualify 

If one or both sample results are less than 5Xs the CRDL: duplicate 
results should be within .±. the CRDL. If not, qualify the 
associated positive results as estimated (J). 

The direction of the sample bias cannot be determined due to 
laboratory duplicate imprecision. 
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Spike recoveries must be within 75-125% recovery or as defined in 
QAPP/SAP, however, these limits do not apply when the 
concentration of the metal in the sample exceeds the concentration 
of the spike by a factor of 4 (this QC data cannot be used for 
qualifying samples). 

If the recovery for a metal is low (30-74% recovery), qualify 
associated results as estimated (UJ and J). The qualified results 
have a potential for low bias. 

If the recovery for a metal is very low (<30%), qualify associated 
positive results as estimated (J) and nondetects as unusable (R) . 
Positive results have a potential for a low bias while nondetects 
are unusable - the presence or absence of this analyte cannot be 
verified. 

If the recovery is very high ( >120% recovery) , do not qualify 
associated nondetects; qualify associated positive results as 
estimated (J) . Positive results qualified have a potential for 
high bias. 

7. Fu=ace QC 

Post Digestion Spikes: Metals ran via furnace methodologies are 
required to run post digestion spikes (PDSs). Recovery limits for 
PDSs are 85-115% recovery. 

a. If the recovery is ~10% and <85% qualify both nondetects and 
positive results as estimated (UJ and J, respectively). 

b. If the recovery is >115% qualify positive results as estimated 
(J). 

c. If the recovery is <10% qualify positive results as estimated 
(J) and nondetects as unusable (R) . 

Method of Standard Additions (MSA) : If it is evident that MSA is 
required but has not been performed, qualify nondetects and 
positive results as estimated (UJ and J, respectively) If the MSA 
correlation coefficient is <0.995, qualify nondetects and positive 
results as estimated (UJ and J, respectively). 
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ICP metals with a sufficiently high sample concentration should be 
evaluated for chemical interferences due to matrix effects. Only 
metals with sample concentrations greater than 50 times the IDL 
should be evaluated. The original result and a five fold dilution 
must agree within 10% Difference (%D). If this criteria is not 
met, qualify associated sample results for that analyte as 
estimated (J) if the sample concentration is greater than 50 times 
the IDL. 

9. Field Duplicates 

Field Duplicates · The relative percent difference (RPD) should be 
calculated for positive results and results presented in table 
format with the validation report. If one of the values is a 
nondetect, the reporting limit should be used to calculate the RPD. 
If one or both of the results are less than five times the 
reporting limit, a control limit of +/- 2Xs will be used. 

Qualifiers are generally not assigned based on high RPDs, however, 
if field duplicates do not agree with QAPP/SAP requirements, this 
should be discussed in the validation report. 

6. DOCUMENTATION-

A validation report is required for all data validated and is 
submitted as a technical memorandum. It should include QC 
parameters which were evaluated and all noncompliances to the 
QAPP/SAP or analytical methods. If noncompliances affect data 
quality and validation codes are applied, the affected samples 
should be listed with a discussion regarding the affects of the 
noncompliance on the data included (ie. whether sample bias can be 
determined) . An overall discussion is also necessary which states 
whether the data has met the objectives of the project 
(completeness evaluation), if resampling needs to occur (usually 
this is evident to the project chemist before the validation 
stage), and the effects of rejected data on the project. 

A final comparison of codes reported in the validation report 
should be made to codes present on hardcopy reports. The reviewer 
should evaluate the validation report and the hardcopy results (and 
database results) to verify that codes discussed in the report are 
present on hard copies (and in the database) . 

7. CALCULATIONS-All calculations are per the WMX Environmental 
Monitoring Laboratories, Inc., Comprehensive Quality Assurance 
Plan (QAPP). 
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Site Name ____________ ~----------

REVIEW OF ORGANIC DATA PACKAGE 

The hardcopied (laboratory name) data 
package has been reviewed and the qual,....,i-,-t_y __ a_s_s_u __ r_a_n_c_e ___ a_n~d;-p-e-r---;of-o-rm-ance 

data summarized. The data review included: 

No. of Samples ______________ ___ 
Matrix 
vocs , .""s"'v'"'o'""'c""s-,--p=c=B..,/"'P,..e_s_t_l.,.. -c'i"""'d_e_s_ 

Sampling Date(s) 
Shipping Date(s) ____________ __ 

Date Received by Lab __________ _ 

Sample Nos: 

Trip Blanks No. : 

Rinsate Blank No.: 

Field Dup. Nos: 

The general criteria used to determine the performance were based 
on an examination of: 

___ Data Completeness 
___ Holding Times 
___ GC/MS Tuning 

Calibrations 
Lab Control Samples 

Overall Comments: 

Reviewer: 

Laboratory and Field Blanks 
---Surrogate Recoveries 

Mat.Spikes/Mat. Spike Duplicates 
Internal Standards 

___ Quantitation Limits 
Field Duplicate Precision 

----------------------------- Date : ___________ __ 



Level III Data Quality Review 
Data Review Worksheets 

I. DATA COMPLETENESS 

MISSING INFORMATION 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 20 of 46 

Site Name ________________ __ 

DATE LAB DATE RECEIVED 
CONTACTED 
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Level III Data Quality Review 
Data Review Worksheets 

Site Name ____________________ __ 

II. HOLDING TIMES 

Complete table for all samples and circle the fractions which are 
not within the criteria. 

SAMPLE DATE VOA BNA 
ID SAMPLED DATE DATE 

EXTR 

VOA Aqueous (unpreserved) - 7 days 
Aqueous (preserved) - 14 days 

BNA PEST PEST 
DATE DATE DATE 
ANAL. EXTR. ANAL. 

BNA & PEST. Waters: Extract within 7 days, analyze within 40 days 
ACTION: 1. If holding times are exceeded all positive results 

are estimated (J) and non-detects are estimated (UJ) 

2. If holding times are grossly exceeded (2 weeks or 
greater) the reviewer may determine that nondetects are 
unusable (R) . 



Level III Data Quality Review 
Data Review Worksheets 

III GC/MS TUNING 

SOP No. QADDD-0000 
Revision DO: 10/27/94 
Page 22 of 46 

Site Name ----------------

The DFTPP performance results were reviewed and found to 
be within the specified criteria and samples analyzed 
within the 12 hour tune period. 

If no, 
Samples affected: ---------------------------------

The BFB performance results were reviewed and found to be 
within the specified criteria and samples analyzed within 
the 12 hour tune period. 

If no, 
Samples affected: __________________________________ ___ 

If mass calibration 
expanded criteria. 
unusable (R) . 

is in error to the validation guidelines for 
If necessary, qualify all associated data as 

Describe specific problems below: 



Level III Data Quality Review 
Data Review Worksheets 

IV. CALIBRATIONS 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 23 of 46 

Site Name ____________________ __ 

Fraction: __ ~~----------
Instrument ID: 

Dates of Initial Calibration: __________ _ 

-------
Dates of Continuing Calibration ________ _ 

DATE COMPOUNDS EXCEEDANCES SAMPLES 
QUALIFIED 

1. Average RRF's and RRF's must be ;:>_0.05 (SVOC's, SPCC's) or ;:>_0.3 
(VOC's, SPCC's except Bromoform 2. 0.25). 

2. ~RSD's must be ~30~ (VOCs & SVOCs) for CCC compounds. ~RSD's 

must be ~20~ for GC. 

3. ~D's must be ~25~ (VOC's) or ~30~ (SVOC's) for CCC compounds. 
~D's must be~ 15~ (GC). 



Level III Data Quality Review 
Data Review Worksheets 

V. LABORATORY CONTROL SAMPLE 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 24 of 46 

Site Name ____________________ __ 

List any recoveries not within the SAP/QAPP criteria and the sample 
affected. 

Matrix 

DATE LAB ID. EXCEEDANCES RESULTS 
QUALIFIED 

Level III Data Quality Review Site Name __________________ __ 



Data Review Worksheets 

VI. BLANK ANALYSIS RESULTS 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 25 of 46 

List the contaminants in the blank below. 

1. Laboratory Blanks 

DATE LAB ID FRACTION/ COMPOUND SAMPLES 
MATRIX DETECTED/ QUALIFIED 

CONC. 

2. Rinsate and Trip Blanks 

DATE FIELD ID. FRACTION/ COMPOUND SAMPLES 
MATRIX DETECTED/ QUALIFIED 

CONC. 



Level III Data Quality Review 
Data Review Worksheets 

VII. SURROGATE RECOVERIES 

SOP No. QAOOO·OOOO 
Revision 00: 10/27/94 
Page 26 of 46 

Site Name __________ _ 

List the percent recoveries which do not meet the criteria for surrogate 
recovery. 

Matrix 

F1EID VOA VOA VOA BN BN BN ACID ACID ACID I'CB/ PCB/ 
m DCE TOL BFB NZB FBP TPH I'HL 2FP TBP PICST PICST 

TCMX DCP 

Surrogate Actions: PERCENT RECOVERY 

Positive Sample Results 

Non-detected Results R UJ Acceptable 

RRR~Required Recovery Range (SAP or QAPP) 



Level III Data Quality Review 
Data Review Worksheets 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 27 of 46 

Site Name __________________ __ 

VIII. MATRIX SPIKE/MATRIX SPIKE DUPLICATE 

1. Matrix Spike/Matrix Spike Duplicate Recoveries and Precision 

List the samples spiked. 

FRACTION FIELD ID LEVEL MATRIX 

List the percent recoveries and RPD's of compounds which do not meet the 
criteria in the SAP/QAPP. (Criteria not applicable to SW846 methods, RPDs 
reported only) . 

I 
MS or 

I 
COMPOUND 

I 
%REC/RPD 

I 
QC LIMITS 

I MSD 

QUALIFICATION IS LIMITED TO THE UNSPIKED SAMPLE ONLY. 

1. If any compound does not meet the Required Recovery Range (RRR) as 
specified in the SAP/QAPP follow the actions stated below. 

<10% 
Positive Sample Results J 
<on-detected Results R 

PERCENT RECOVERY 
10%--RRR 
J 
UJ 

> RRR 
J 
Acceptable 



Level III Data Quality Review 
Data Review Worksheets 

IX. INTERNAL STANDARD PERFORMANCE 

Site Name 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 28 of 46 

------------------

List the internal standard areas of samples which do not meet the criteria of 
+100%- or -50%- of the internal standard area in the associated continuing 
calibration standard. 

FIELD ID DATE IS OUT IS AREA/RT ACCEPTABLE ACTION 
RANGE 

ACTION: 

l. If an IS area count is outside the criteria -50%- or +100%- of the 
associated standard: 

a. Positive results for compounds quantitated using that IS are flagged as 
estimated (J) for that sample fraction. 

b. Nondetects for compounds quantitated using that IS are flagged as 
estimated (UJ) for that sample fraction. 

c. If extremely low area counts are reported, or if perforrnace exhibits a 
major drop-off, then a severe loss of sensitivity is indicated. 
Nondetects should be flagged as unusable (R) . 

2. If an IS retention time varies more than 30 seconds, the chromatographic 
profile for that sample must be examined to determine if any false 
positives or negatives exists. For shifts of a large magnitude, the 
reviewer may consider partial or total rejection of the data for that 
sample fraction. 



Level III Data Quality Review 
Data Review Worksheets 

X. QUANTITATION 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 29 of 46 

Site Name __________________ __ 

List samples/fraction which did not meet QAPP/SAP quantitation limits with an 
explanation. 



Level III Data Quality Review 
Data Review Worksheets 

XI. FIELD DUPLICATE PRECISION 

Site Name 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 30 of 46 

------------------

Sample Nos. Matrix: 
List the concentrations and RPD of the compounds detec-t,--e""'d-l.,.., n--t'"'h;-e--f,-l,.-, e-ld 
duplicate. Circle RPDs that do not meet QAPP/SAP criteria. 

FRACTION COMPOUND SAMPLE CONC. FIELD DUP RPD 
CONC. 



Level III Data Quality Review 
Data Review Worksheets 

Site Name 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 31 of 46 

------------------

REVIEW OF INORGANIC DATA PACKAGE 

The hardcopied (laboratory name) data package has 
been reviewed and the quality assurance and performance data summarized. The 
data review included: 

No. of Samples __________ _ Sampling Date(s) ________________ _ 

Shipping Date(s) ________________ _ Matrix ------------------

Date Rec'd by lab ______________ __ 

Sample Nos: 

Rinsate Blank Nos: 

Field Dup Nos. 

The general criteria used to determine the performance were based on an 
examination of: 

___ Data Completeness 
___ Holding Times 

Calibrations 
Blanks 

___ Matrix Spike Recoveries 
___ Laboratory Duplicates 

Overall comments: 

___ Laboratory Control Samples 
Furnace AA Results 
ICP Serial Dilution Results 
ICP Interference Check 

---Quantitation 
---Field Duplicates 

Reviewer: ______________________________________ _ Date: -------------------



Level III Data Quality Review 
Data Review Worksheets 

I. DATA COMPLETENESS 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 32 of 46 

Site Name __________________ __ 

MISSING INFORMATION DATE LAB CONTACTED DATE RECEIVED 
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Level III Data Quality Review 
Data Review Worksheets 

Site Name __________________ __ 

II. HOLDING TIMES Complete table for all samples and circle the fractions 
which are not within the criteria. 

SAMPLE 
ID. 

METALS 
MERCURY 
CYANIDE 

ACTION: 

DATE Hg CYANIDE 
SAMPLED ANALYSIS ANALYSIS 

DATE DATE 

180 DAYS FROM SAMPLE COLLECTION 
28 DAYS FROM SAMPLE COLLECTION 
14 DAYS FROM SAMPLE COLLECTION 

OTHERS pH ACTION 
ANALYSIS 

DATE 

1. If holding times are exceeded all positive results are estimated (J) and 
nondetects are estimated (UJ) . 

2. If holding times are grossly exceeded, the reviewer may determine that 
nondetects are unusable (R) . 



Level III Data Quality Review 
Data Review Worksheets 

III .A. CALIBRATIONS 

1. Recovery Criteria 

Site Name 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 34 of 46 

------------------

List the analytes which did not meet the percent recovery (%R) criteria for 
Initial or Continuing Calibration. 

DATE ICV/CCV# ANALYTE % R ACTION SAMPLES AFFECTED 



ACTIONS: 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 35 of 46 

If any analyte does not meet the %R criteria follow the actions stated below: 

For Positive Results: 

I I ACCEPTED I ESTIMATED {J) I REJECTED {R) I 
METALS 90-110%R 75-89%R, <75%R,>l25%R 

lll-125%R 

MERCURY 80-120%R 65-79%R, <65%R,>l35%R 
121-135%R 

CYANIDE 85 -115%R 70-84%R, <70%R,>l30%R 
116-130%R 

For Nondetect Results: 

ACCEPTED ESTIMATED {UJ) REJECTED {R) 

METALS 90-125%R 75-89%R <75%R,>l25%R 

MERCURY 80-135%R 65-79%R <65%R,>l35%R 

CYANIDE 85-130%R 70-84%R <70%R, >130%R 



Level III Data Quality Review 
Data Review Worksheets 

III B. CALIBRATIONS 

2. Analytical Sequence 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 36 of 46 

Site Name __________________ __ 

A. Did the laboratory use the proper number of standards for 
calibration as described in the analytical method? 
YES or NO 

B. Were calibrations performed at the beginning of each analysis? 
YES or NO 

C. Were calibration standards analyzed at the beginning of sample 
analysis and at a minimum frequency of ten percent of every two 
hours during analysis, whichever is more frequent? 
YES or NO 

D. Were the correlation coefficients for the calibration curves for 
AA, Hg and CN ~0.995? 
YES or NO 

E. Was a standard at 2xCRDL analyzed for all ICP analyses? 
YES or NO 

If NO, the data may be affected. Use professional judgement to determine the 
severity of the effect and qualify the data accordingly. Discuss any actions 
below and list the samples affected. 
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Level III Data Quality Review 
Data Review Worksheets 

Site Name ------------------

IV. BLANK ANALYSIS RESULTS 

List the contaminants in the blanks below. 

1. Laboratory Blanks 
Matrix 

DATE ICB/CCB# PREP BLANK ANALYTE SAMPLES 
DETECTED/CONC. QUALIFIED 

2 Rlnsate Blanks 

DATE FIELD ID ANALYTE CONC. SAMPLES 
DETECTED QUALIFIED 

3. Frequency Requirements 

A. Was a preparation blank analyzed for each matrix, for every 20 
samples and for each digestion batch? YES or NO 

B. Was a calibration blank run every 10 samples or every 2 hours 
whichever is more frequent? YES or NO 
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Level III Data Quality Review 
Data Review Worksheets 

Site Name __________________ __ 

V. MATRIX SPIKE/MATRIX SPIKE DUPLICATE 

1. Matrix Spike/Matrix Spike Duplicate Recoveries and Precision 

Sample No. ____________________ _ Level: ___ _ Matrix: ________ _ 

List the percent recoveries and RPD's of compounds which do not meet the 
criteria stated on Form 3. 

MS or MSD ANALYTE %REC/RPD QC LIMITS 

Matrlx Splke Actlons apply to all samples of the same matrlx. 

ACTIONS: 

1. If the sample concentration exceeds the spike concentration by a factor 
of 4 or more, no action is taken. 

2. If any analyte does not meet the %R criteria, follow the actions below. 

Positive Sample Results 
Nondetected Results 
RRR=Required Recovery Range 

2. Frequency Criteria 

<30%" 
J 
R 

(QAPP or SAP) 

PERCENT RECOVERY 
30%-RRR 
J 
UJ 

>RRR 
J 
Acceptable 

A. Was a matrix spike prepared at the required frequency? YES or NO 
B. Was a post digestion spike analyzed for elements that did not meet 

required criteria for matrix spike recovery? YES or NO 



Level III Data Quality Review 
Data Review Worksheets 

VI. LABORATORY DUPLICATES 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 39 of 46 

Site Name __________ _ 

List the concentrations of any analyte not meeting the criteria for 
laboratory duplicate precision. Indicate what criteria was used to evaluate 
precision by circling either the RPD or reporting limit for each element. 

Matrix: ________ _ 

ELEMENT REPORTING SAMPLE # DUP. # RPD ACTION 
LIMIT 

WATER 

Laboratory duplicate actions should be applied to all other samples of the 
same matrix. 

ACTIONS: 

1. Estimate (J) positive results for elements which have RPD greater than 
SAP (QAPP) limits. 

2. If sample results are less than SX the reporting limit, estimate (J) 
positive results for elements whose absolute difference is the reporting 
limit. 



Level III Data Quality Review 
Data Review Worksheets 

VII. LABORATORY CONTROL SAMPLE 

1 . AQUEOUS LCS 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 40 of 46 

Site Name __________________ __ 

List any LCS recoveries not within the 80-120% (or SAP/QAPP) criteria and 
the samples affected. 

Matrix· 

I 
DATE 

I 
ELEMENT 

I 
%REC 

I 
ACTION 

I 
SAMPLES 

AFFECTED I 
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Level III Data Quality Review 
Data Review Worksheets 

Site Name __________________ __ 

VIII. FURNACE ATOMIC ABSORPTION ANALYSIS 

1. Duplicate Precision 

Duplicate 
performed 
±20%. 
Duplicate 
following 

injections and one-point analytical spike were 
for all samples; duplicate injections agreed within 

injections and/or spikes were not performed for the 
samples/elements: 

Duplicate injections did not agreed within ±20% for all 
samples/elements: 

2. Post Digestion Spike Recoveries 

ACTION: 

Spike recoveries met the 85-115%- recovery criteria for all 
samples. 
Spike recoveries did not meet the 85-115%- criteria, but did 
not require MSA for the following samples/elements: 

MSA was used to quantitate analytical results when required: 

Correlation coefficients ~0.995, accept results. 
Correlation coefficients <0.995 for samples/elements: 

MSA was not performed as required for samples/elements: 

1. Estimate (J} positive results if duplicate injections are outside ±20%
RSD. 

2. If the post digestion spike recovery was outside the required limits: 

Positive Results 
Nondetected Results 

<10%-
Percent Recovery 

11%--84% 
J or R J 
R UJ 

>115% 
J 
Acceptable 

3. Estimate (J} sample results if the MSA was required and not performed. 

4. Estimate (J} sample results if coefficient was <0.995. 



SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 42 of 46 

Level III Data Quality Review 
Data Review Worksheets 

Site Name ------------------

IX. ICP SERIAL DILUTIONS 

Matrix 

ELEMENT 

Aluminum 

Barium 

Beryllium 

Cadium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Nickel 

Potassium 

Silver 

Vanadium 

Zinc 

Serial Dilutions were performed for each matrix and results of 
the diluted sample analysis agreed within 10% of the original 
undiluted analysis. 
Serial Dilutions were not performed for the following: 

Serial Dilutions were performed, but analytical results did 
not agree within 10% for analyte concentrations greater than 
50X the IDL before dilution. 

IDL 50xiDL SAMPLE SERIAL %D ACTION 
RESULT DILUTION 

Actions apply to all samples of the same matrix. 

ACTIONS: 
1. Estimated (J) positive results if %D >15. 
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Data Review Worksheets 

X. ICP INTERFERENCE CHECK SAMPLE 

1. Recovery Criteria 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 43 of 46 

Site Name __________ _ 

List any element in the ICS AB solution which did not meet the criteria for 
% recovery. 

I 
DATE 

I 
ELEMENT 

I 
%R 

I 
ACTION 

I 
SAMPLES 

I AFFECTED 
, 

ACTIONS: 

If an element does not meet the ~R criteria, follow the actions stated below: 

Positive Results 

Nondetected Results 

<50%
R 

R 

2. Frequency Requirements 

PERCENT RECOVERY 
50%-79~ 

J 

UJ 

>120% 
J 

Acceptable 

Were Interference QC samples run at the beginning and end of each sample 
analysis run or minimum of two per 8 hour working shift, whichever is more 
frequent? YES or NO 

If NO, the data may be affected. Use professional judgement to determine the 
severity of the effect and qualify the data accordingly. Discuss any actions 
below and list the samples affected. 
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XI. QUANTITATION 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 44 of 46 

Site Name __________________ __ 

List samples/analytes which did not meet QAPP/SAP quantitation limits with an 
explanation. 
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XII. FIELD DUPLICATE PRECISION 

Sample Nos. ____________________ __ 

SOP No. QA000-0000 
Revision 00: 10/27/94 
Page 45 of 46 

Site Name __________________ __ 

Matrix 
'----------

List the concentrations and RPD of the analytes detected in the field 
duplicates. 

Circle RPDs that do not meet SAP/QAPP criteria. 

I ANALYTE I SAMPLE CONC. I FIELD DUP CONC. I RPD 

,[ 

I 
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GUIIJELINES FCR TilE PREPJ\RATICN CF s:I1'IN!:.NID CPERATIN:; HO:ElllRES 
(s:l?S) CF FIErn AND IAB:RAm MEASUREMENIS 

Field an:'! lal:oratory protocol for qualitative and quimti tati ve neasurEm2!rt.s , 
that are selected. for a specific project shall be sul:rn.itted to the Region V 
Q..lality Assuran:::e section (0'\S) as an attacJnent to the sit-specific ()Jality 
Assuran:::e Project Plan (Q'IPjP) for reviEY/awroval prior to the start of the 
neasurarent activity. 

'D1e field and lal:oratory measurerratt protocol slxJuld be dcalrrented. in a 
starrlard operating procedure (SOP) formt. 'lhis SOP shall describe in 
"c=kbcx:>k" details the exact instructions to follow and the e:piprent and 
mterials re:pired. to ITB.ke the rreasurrnent. 

'll:lis _document outlines the elEID21lts that are to be considered. for inclusion 
in all SOPs. 

l. Parameter(s) to be rreasured. 

2. Range of M2asur61€11t (Working Linear Range). 

3. Limit of Detection. (Where ag:>ropriate procedure used for determination 
of rrethod detection limit shall be specified) . 

-4. Sample Matrix. 

5. Principle, Scope an:l Af:plication. 

6. Interferences an:l Cbrrective k:tions. (Specify Ireth::x'ljsteps to be taken 
to eliminate the :inter:fere=es. M2th:xl. shall be IIE±rix-specific). 

7. Safety Pre:-anti ens. 

B. Sample Size, CX>llection, Preservation, and Han:lling (Descril:ling :for each 
IIBtrix '-lhich neasurerratt procednre is awlicable) 0 

9. Aj:paratus (including instrurrent an:1 instrurental p3raireters) and 
Materials. 

10. Routine Preventative Maintenaoce, including procedLlres and :frequency. 

11. Reagents an:'! Calibration Stan:Jards (including preparation procedures, 
storage and shelf life). 
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12. Calibration Procedures (:in:::luding in.st.nment tuning an:'! routine 
pertonnarx:e checks , etc. If ag:>ropriate , specify \.lhether int.einal 
standard or external standard techniques are to be used) • 

13. Sarrple Preparation (i.e., Extraction, Digestion, etc.) 

l4. Analytical M2a.Surarent (Describing in =kt=k detail. Include separate 
details £or each sarrple matrix if the procedure is ag:>licable to rrore 
than one sarrple natrix). 

15. Flo.; C1Jart or Table that describes the rret:hOd step by step. 

16. Data Trea:trnent (D2t:ails of calCUlation, :in:::luding e::jllations). 

17. Data Deliverables (define the content of data packages), as a rnini.rnum, 
the :follo.;ing shall be provided: 

a) Case narrative, briefly describe the sarrple prep3ration and 
analysis, problEmS encountered and corrective action taken during 
the process of sarrp1e prep3ration an:! analysis. 

b) SUrmary of initial calibration and continuing calibration check 
results. 

c) SUrmary of Sample Analysis, arranging in in::reasing order of sarrple 
number •. 

d) SUrmary of 0::: sarrple analyses. 

e ) Raw data :in:::luding :i..n.st.rurrEn pri.rtW.rt , IJBSS 5p2Ct.ra, 
Chrunatograms, etc. 

:f J Instrurent l.D:Jlxx>k ( :in:::luding serial I"D.JlJi)er, date of ]:UrChase, date 
bn::>.lght en line, na:int.enan::e and repair history over the period of 
service provided for this specific project. D:llly entries sh:Juld 
:in:::lude narre of analyst, p3.rarret:er treaSUred, in.strurr€nt setting, 
c:am£T1:t.S on the sanple analysis and any other information that nay 
be de6red of interest. 

18. CP3J. i ty COntrol Requirarent.s (Specify internal nqui rarerrts for blanks , 
spikes, duplicates, and external nquirerents for refererx:e and 0::: 
samples). 

J. 9. Ref ererx:es. 

' . 
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20. M2tlXld Validation Data (if available} should be in::::luded to supp::Jrt the 
vaJ.idi ty, limitation am the q::plicabili ty of the xreasure:nerrt. rrethod. 
I.f the rreth:x'l is a nstan::lard .1-Et:h:ld", i.e., EPA AFHA, ASIM or NJAC, 
this ele:nerrt. need =t be aCdresse:'i. If the xret:hXl has n:::rt: been 
vaJ.idated, then the description of the SOP sh:Juld in::::lude the process 
:for rrethcxi validation to be =rt.lcted for awroval prior to the use of 
the rrethcxi for 5aiJFle rreasurarents. If the pararreter(s} bel.:rB xrea.sured 
is for health an:l. safety r~rerrent for field =reening to select 
sanpling locations, then rret:hcx1 Validation data is n:::rt: required. 



STANDARD OPERATING PROCEDURE FOR THE 
FIELD MEASUREMENT OF VOlATILE ORGANICS BY HNu 

I. PARAMETER(S) 

Volatile organics with ionization potentials of less than 10.2 eV. 

II. RANGE OF MEASUREMENT 

The linear range is 0.1-400 ppm, the useful range is O.l-2000 ppm. 

III. LIMIT OF DETECTION 

The detection limit of 0.1 ppm was determined by the manufacturer based on the 
response of benzene at a span setting of 9.8 and a 10.2 eV probe. 

IV. SAMPLE MATRICES 

Headspace above soil samples collected in split spoon samplers or with 
trowels. 

V. PRINCIPLE SCOPE AND APPLICATION 

The analyzer measures the concentration of trace gases present in the atmos
phere by photoionization. Photoionization occurs when an atom or molecule 
absorbs a photon of sufficient energy to release an electron and become a 
positive ion. This will occur when the ionization potential of the molecule 
in electron volts (eV) is less than the energy of the photon. The source of 
photons is an ultraviolet lamp with an energy of 10.2 eV. 

Sample gases enter through the inlet into the ion chamber and are exposed to 
photons emanating from the ultraviolet lamp. Ionization occurs for those 
molecules having ionization potentials near to or less than that of the lamp. 
A positive-biased polarizing electrode causes these positive ions to travel to 
a collector electrode in the chamber. Thus the ions create an electrical 
current which is amplified and displayed on the meter. This is proportional 
to the concentration of trace gas present in the ion chamber and to the sensi
tivity of that gas to photoionization. 

In service, the analyzer is first calibrated with a gas of known composition 
equal, close to, or representative of that to be measured. Gases with ioniza
tion potentials near to or less than 10.2 eV will be ionized. These gases 
will thus be detected and measured by the analyzer. Gases with ionization 
potentials higher than 10.2 eV will not be detected. 

Ionization potentials for various atoms, molecules and compounds are given in 
the Instruction Manual Appendix. The ionization potential of the major compo
nents of air, i.e., oxygen, nitrogen, and carbon dioxide, range from about 
12.0 eV to about 15.6 eV and are not ionized by any of the three lamps. Gases 

l 



with ionization potentials near to or slightly higher than the lamp are par
tially ionized, with low sensitivity. 

VI. INTERFERENCES AND CORRECTIVE ACTIONS 

Air currents or drafts in the vicinity of the probe tip may cause fluctuations 
in readings. Soil, dust, or debris drawn into the probe will result in low 
readings and/or negative deflection of the meter. High ambient h~idity and 
high percent moisture samples will cause negative deflection of the meter. 

To obtain stable, reproducible readings, corrective actions such as shielding 
the probe from drafts or currents and rain should be done. Sample moisture 
content is not controllable as representativeness dictates that no special 
handling of the sample occurs that might bias chemical results. Any drying of 
the sample would result in loss of volatiles. The field records should indi
cate which samples were wet and note any negative meter deflection. 

VII. SAFETY PRECAUTIONS 

Do not look at the light source closer than 6 inches with unprotected eyes. 
Observe only if necessary, then only briefly. Continued exposure to ultra~ 
violet energy generated by the light source can be harmful to eyesight. 

The instrument measures gases .in the vicinity of the operator and a high read
ing when measuring toxic or explosive gases should be cause for action for 
operator safety. 

Use HNu only in an emergency with a low battery when on battery charge. 

Turn the function switch on the control panel to the OFF position before any 
disassembly. Otherwise, high voltage of 1200 vdc will be present. Use great 
care when operating the analyzer with the readout assembly outside its case 
due to the presence of 1200 vdc. 

Do not interchange lamps of different eV ratings in a probe. Amplifier and 
components are selected for a specific eV lamp. A probe with the wrong lamp 
will not operate properly. 

VIII. SAMPLE SIZE, COLLECTION, PRESERVATION AND HANDLING 

Measurement 
placed in a 
made within 
full. 

is done on the soil contained in the split 
clean 8-ounce jar with a teflon-lined lid. 
5 minutes of collection in the field. The 

IX. APPARATUS 

spoon sampler or trowel 
Measurement should be 

jar should be half 

Clean 8-ounce clear glass jars with teflon-lined lid, hole the diameter of 
the HNu probe drilled in top. 
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Duct tape. 
HNu Hodel PI 101. 
Isobutylene calibration gas cylinder and regulator. 
Spare 10.2 eV lamps. 
Battery charger. 

X. ROUTINE PREVENTIVE MAINTENANCE 

1. Battery 

Check the battery charge during each period of operation, at least once daily. 
If the battery is low as indicated by the meter reading or the warning indica
tor, it is necessary to recharge the battery. 

2. Lamp 

During periods of operation of the analyzer, dust or other foreign matter 
could be drawn into the probe forming deposits on the surface of the UV lamp 
or in the ion chamber. This condition is indicated by meter readings that are 
low, erratic, unstable, non-repeatable, or drifting, or show apparent moisture 
sensitivity. These deposits interfere with the ionization process and cause 
erroneous readings. Check for this condition daily. Cleaning can be accom
plished as follows: 

a. Disassemble the probe and remove the lamp and ion chamber. Exercise 
great care in doing so to prevent inadvertent damage to these 
components. 

b. First check the lamp window for fouling by looking at the surface at 
an incident angle. Any deposits, films or discoloration may inter
fere with the ionization process. Clean the window as follows: 

l) First clean by rubbing gently with lens tissue dipped in a 
detergent solution. 

2) If this does not remove deposit, apply a small amount of HNu 
cleaning compound (PA101534) directly onto the lens of the lamp 
and spread evenly over surface with a non-abrasive tissue (e.g. 
Kim-Wipe) or a lens tissue. 

3) Wipe off compound with a new tissue. 

4) Rinse with a warm water (about 80"F) or damp tissue to remove 
all traces of grit or oils and any static charge that may have 
built up on the lens. Dry with new tissue. 

5) Reinstall lamp in detector and check analyzer operation. 

6) If performance is still not satisfactory, replace the lamp. 

3. Ion Chamber 
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a. Inspect the ion chamber for dust or particulate deposits. If such 
matter is present, the chamber can be cleaned by removing the outer 
Teflon ring, and the four screws holding the retaining ring. Care
fully move the retaining ring aside (NOTE: this is soldered) and 
remove the screen. A tissue or cotton swab, dry or wetted with 
methanol, can be used to clean off any stubborn deposits. The 
assembly can also be gently swirled in methanol and dried gently at 
S0-60"C for approximately a half hour. No liquid must be present at 
reassembly as this would affect the performance. Do not clean the 
ion chamber with the HNu cleaning compound. 

b. Reassemble the probe and check analyzer operation. 

c. If performance is still not satisfactory, replace the lamp. 

XI. REAGENTS AND CALIBR.t>.TION STANDARDS 

The calibration gas cylinder containing a certified value of isobutylene is 
the only reagent/standard. Replace when empty, no shelf life is applicable. 

XII. CALIBR.A.TION PROCEDURES 

The calibration of the HNu is to be checked daily before field use by using a 
cylinder of isobutylene (HNu pn 101-350) with a regulator (HNu pn 101-351). 

The ppm isobutylene reading, along with the span setting, is recorded in the 
calibration report contained in the HNu case (35 ppm, span 9.8). 

In the field, the calibration must be checked daily before use and readjusted, 
if necessary, by using this cylinder and regulator as follows: 

l. Connect the analyzer to the regulator and cylinder with a short piece of 
clean tygon tubing. 

2. With the SPAN setting at 9.8 and the function switch at the same positions 
as listed on the Isobutylene Calibration Report, open the valve on the 
cylinder until a steady reading is obtained. 

3. If the reading is 35 ppm, the analyzer calibration is still correct. 
4. If the reading has changed, adjust the SPAN setting until the reading is 

35 ppm. 
5. Shut off the cylinder as soon as the reading is established. 
6. Record and maintain this new SPAN setting. 

Notes: 

A. The regulator sets and controls the flow rate of gas at a value preset at 
the factory. This will be about 100 to 200 cc/min.; no adjustment to the 
regulator is necessary in the field. 

B. Do not use the cylinder below about 30 psig as readings below that level 
can deviate up to 10 percent from the rated value. 
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C. Safely discard the disposable cylinder when empty and do not refill. It 
is against the law to transport refilled cylinders. 

XIII. SAMPLE PREPARATION 

A. Soil 

Soil obtained in split spoon samplers or by a hand trowel/corer sh~uld be 
placed in a clean B-ounce clear glass jar outfitted with a teflon-lined lid 
with a hole the diameter of the HNu probe drilled in it. Fill the jar half 
full, close tightly (lid hold should be covered with duct tape) and allow to 
equilibrate for 2 minutes before measurement. 

XIV. ANALYTICAL MEASUREMENT 

1. Unclamp the cover from the main readout assembly. 

2. Remove the inner lid from the cover by pulling out the two fasteners. 

3. Remove the probe, handle and cable from the cover. Attach the handle to 
the front part of the probe. 

4. Connect the probe cable plug to the 12 pin keyed socket on the readout 
assembly panel. Carefully match the alignment slot in the plug to the key 
in the connector. Screw down the probe connector until a distinct snap 
and lock is felt. 

5. Screw the probe extension into the probe end cap. The probe may be used 
without the extension if desired. 

6. Set the SPAN control for 10.2 eV as specified by the daily in-field 
calibration with isobutylene. 

7. Turn the function switch to the BATT (battery check) position. The needle 
on the meter will go to the green zone if the battery is fully charged. 
If the needle is below the green arc or if the Low Battery Indicator comes 
on, the battery must be recharged before the analyzer is used. 

8. Set SPAN pot to 9.8. 

9. Turn the function switch to the STANDBY position. Turn the zero adjust
ment until the meter needle is at zero. 

10. Calibrate the instrument daily as described in Section 12. 

11. Turn the function s~itch to the appropriate operating position. Start 
with the 0-2000 position and then switch to the more sensitive ranges. 
The UV light source should be on, confirmed by briefly looking into the 
probe to observe the purple glow from the lamp. 
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12. Peel back the duct tape from the lid and place the HNu probe in the hole. 
Record the reading on the Soils Data Form. 

13. After completion of each days measurements, check battery condition as 
described in No. 7. 

14. Turn function switch to OFF position. 

15. When not operating, leave analyzer in assembled condition, and~connected 
to battery charger. 

16. When transporting, disassemble probe and extension from readout assembly 
and return equipment to its stored condition. 

17. In case of emergency, turn function switch to OFF position. 

XV. FLOW CHART 

Not applicable. 

XVI. DATA TREATMENT 

Not applicable, instrument provides direct real time readout in ppm units. 

XVII. DATA DELIVERABLES 

Record calibration details on Field Instrument Calibration Log and results on 
Soils Data Form. 

XVIII. QUALITY CONTROL REQUIREMENTS 

Each day an upwind location will be used to determine the ambient background 
level. One location for every ten will be selected for measurement as a field 
duplicate. Two separate aliquots of soil will be placed in two B-ounce jars. 
No rpd limits have been established for field duplicate precision. Record 
both reading on the Soils Data Form. 

XIX. REFERENCES 

Instruction Manual, HNu Model PI 101 Portable Ionization Analyzer, 
December, 1985. 
HNu Systems (617) 964-6690 

XX. METHOD VALIDATION DATA 

Not applicable as volatile organics are being measured for field screening 
purposes to select sampling locations for chemical analysis. 
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Standard Operating Procedure 
for the 

Measurement of pH in the Field 

Using the Fisher Accumet Model 955 Portable 
pH/mV Temperature Meter 

1. Parameter to be measured: pH. 

2. Range of Measurement: 0.00 to 14.00 pH units. 

3. Sample Matrix. 

This method is applicable to drinking, surface, saline, and groundwater 

samples; chemical domestic and industrial wastes; leachates. 

4. Principle, Scope, and Application. 

The pH of a sample is determined electrometrically, using a combination 

sample-reference pH electrode. 

5. Interferences and Corrective Action. 

5 . l Any sample constituent which coats the elect~ode can cause sluggish 

response. This can be eliminated by cleaning the electrode accord

ing to manufacturer's instructions. 
5.2 Temperature effects on the electrometric measurement of pH arise 

from two sources. The first source is caused by change in 

electrode output at various temperatures. This is avoided by using 

the Automatic Temperature Compensation (ATC} probe. The second 

source is the change of pH inherent in the sample at various tem

peratures. Therefore, the sample temperature should be reported 

with the pH. 

6. Safety Precautions. 

Common sense will eliminate the possibility of any hazards while the portable 

pH meter is being used. Obviously, buffers and field samples must never be 

pipetted by mouth. Handle the electrode carefully to avoid breakage. Since 

the electrode will be measuring potentially hazardous material and all pH 

electrodes leak small quantities of electrolytes, they must never be placed in 

the mouth. 

7. Sample Size, Collection, Preservation, and Handling. 

Collect approximately 50 ml or more of the sample to be measured. To avoid 

the possibility of cross contamination from sample to sample and contamination 

of leaking electrolyte, the samples will be discarded after pH measurement and 

not used for any other parameters. If for any reason the pH cannot be taken 

immediately in the field, samples must be stored at 4°C and measured within a 

24-hour period. 
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8. Apparatus and Materials. 

8.1 Fisher Accumet Model 955 Portable pH/mV Temperature Meter 

8.2 Three or more 50 ml plastic beakers 

8.3 Commercially prepared pH 4.01, 7.00, 10.00 buffers 

8.4 Squeeze type wash bottle, 125 ml or larger 

8.5 Distilled water 
8.6 Electrode; extra electrolyte for filling if necessary 

8.7 Automatic Temperature Compensation (ATC) Probe 

8.8 One or t~o 9-volt transistor batteries 

9. Routine Preventive Maintenance. 

9.1 The instrument and batteries should be checked and calibrated in 

the laboratory before the field effort begins. 

9.2 

9. 3 

The accuracy of the buffer solutions used for field and laboratory 

calibration should be checked. Buffer solutions need to be changed 

due to degradation upon exposure to the atmosphere. (The date of 

preparation of each buffer should be included on the bottle label.) 

Record source of buffer and date opened on Field Meter Log Sheet. 

Immerse the tip of the electrodes in water overnight. If this is 

not possible due :o field conditions, immerse the electrode tip in 

water for at least an hour before use. The electrode tip may be 

immersed in a rubber or plastic sack containing buffer solution for 

field transport or storage. This is not applicable for all elec

trodes, as some must be stored dry. 

9.4 Make sure all electrolyte solutions within the electrode(s) are at 

their proper levels and that no air bubbles are present within the 

electrode(s). 
9.5 Distilled water pH and conductivity should be monitored period

ically. 
9.6 The electrode should be stored and cleaned according to manufac-

turer,s instructions. 

10. Reagents and Calibration Standards. 

Commercially prepared standardized buffers of pH 4.01, 7.00, and 10.00 are 

used to calibrate the instru~ent. The source and date opened will be recorded 

on the Field Meter Log Sheet. 

11. Calibration Procedure. 

Fisher Accumet Model 955 Calibration 

To measure the pH values of samples that vary over a range wider than two pH 

units, a two-point calibration will be done daily before field use to compen

sate for less than 100 percent electrode efficiency. The STANDARDIZE control 

provides the first set-point. The slope control sets the second set-point. 
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At pH 7, this "slope" adjustment has no effect on the readings. As readings 
increasingly differ from pH 7, the adjustment's effect becomes more pronounced 
- always in the opposite direction from one side of pH 7 to the other. There
fore, both calibration set points should be on the same side of pH 7. 

Choose two buffer solutions with values that bracket the desired measuring 
range, usually pH 7 and pH 10 for groundwater and surface water. The buffer 
closest to pH 7 in value should always be used for the first set-point (with 
the STANDARDIZE control), and the buffer furthest from pH 7 in value should 
always be used for the second set-point (with the SLOPE control). 

pH 7 Buffer Calibration: 

a. Observe that electrode lead is securely connected to INPUT jack on 
instrument top panel. Also be sure to remove protective cot from 
tip of supplied combination electrode. 

b. Observe that plug of ATC Probe is securely connected to °C jack on 
instrument right-side panel. 

c. Obtain pH 7 buffer and ensure that buffer temperature is within 
l0°C of sample temperature. 

d. Immerse electrode system and ATC Probe into buffer solution. 
e. Set FUNCTION selector to °C position and place ON-OFF switch to ON 

position. Set the slope control full counter clockwise. 
f. Allow electrode system and buffer solution to reach thermal equili

brium (°C reading steady), then determine exact pH of buffer solu
tion from the table of buffer pH versus temperature found on the 
bottle label. 

g. Set FUNCTION selector pH position, then adjust STANDARDIZE control 
until digital display indicates the pH value of buffer solution. 

h. Remove elect'rode system and ATC Probe from buffer solution and 
rinse them with distilled water. 

pH 10 (or 4) Buffer Calibration: 

a. Immerse the electrode system and ATC probe into the pH 10 buffer. 
b. Set the FUNCTION selector to C position. Allow the electrode 

system and buffer solution to reach thermal equilibrium (°C reading 
steady), then determine the exact pH of the buffer solution from 
the table of buffer pH versus temperature found on the bottle 
label. 

c. Set the FUNCTION selector to the pH position, then adjust the SLOPE 
control until the digital display indicates the pH value of the 
buffer solution. 

d. Remove the electrode system and ATC probe from the buffer solution 
and rinse with distilled water. 

e. The pH meter is now ready for sample measurements. 

Notes: 

Thermal ~quilibrium normally requires about 1 minute, but will vary depending 
upon temperature difference between electrode system and buffers. 
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12. Sample Preparation. 

There is no sample preparation for this procedure other than allowing the 
electrode system and sample solution to reach thermal equilibrium (steady 

thermometer reading). 

13. Analytical Measurement. 

13.1 Calibr~te the instrument (See Section 11). 
13.2 Remove electrode system and ATC Probe from buffer solution and 

rinse them with distilled water. 
13.3 Immerse the electrode system and ATC Probe into the sample solution 

and allow sufficient time for the electrode system and sample 
solution to reach thermal equilibrium. 

Notes: Thermal equilibrium normally requires about 1 minute, but will 
vary depending upon temperature difference between electrode system and 

sample. 

13.4 Read the pH value of sample from the digital display and record on 

the Well Purging and Sample Collection form. Remove electrode 
system and ATC probe from sample and rinse with distilled water. 

Repea~ step 13.3 and 13.4 for remaining samples. 
13.5 ON-OFF switch to OFF after last measurement. 

14. Data Deliverables. 

The pH accuracy will be 
dard buffer solutions. 

assessed by performing two measurements on three stan
Each measurement will be within +0.05% standard unit 

of the certified value for the buffer solutions. Precision will be assessed 

through replicate measurements on field samples. The standard deviation of 
four replicate measurements must be less than or equal to 0.1 standard unit. 

The electrode will be withdrawn, rinsed with dionized watet 1 and re-immersed 

between each replicate. Calibration and verification will be done in the 
field before the first replicate and after the last. The instrument used will 

be capable of providing measurements of 0.01 standard unit. The instrument 

will be calibrated at least once daily and every 10 samples and results 

recorded on the Field Meter Instrument Calibration Log. Field replicates will 

be done at a frequency of every 10 samples. This will be done in quadrupli
cate. All field sample measurements will be recorded on the Well Purging and 

Sample Collection form. 

15. Quality Control Requirements. 

Quadruplicate samples will be done every 10 samples by rinsing the electrode 

after the initial reading 1 waiting l full minute, and then measuring the next 

sample. The standard deviation of four replicate measurements must be less 

than or equal to 0.1 standard unit. 

4 



16. References. 

Material for this SOP was obtained from the Instruction Manual for the Fisher 

Accumet Model 955 Portable pH/mV Temperature Meter, Catalog No. 69348. 

17. Method Validation Data. 

The parameter of pH is being measured for field screening to select sampling 

locations and method validation data is, therefore, not required. 
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Standard Operating Procedure 
for the 

Measurement of Specific Conductance in the Field 
Using the Cole Parmer Model 4070 Conductivity Meter 

1. Parameter to be measured: Specific Conductance. 

2. Range of Measurement: Range (a) 0 to 19.99 mS 
(b) 0 to 1999 us 
(c) 0 to 199.9 uS 
(d) -30.0 to +l50.0°C 

Resolution (a) 0.01 mS 
(b) l uS 
(c) 0.1 uS 
(d) O.l°C 

3. Sample Matrix. 

This method is applicable to drinking, surface, saline, and groundwater 
samples; domestic and industrial wastes. 

4. Principle, Scope, and Application. 

The specific conductance of a sample is measured using a self-contained 
portable conductivity meter equipped with an Automatic Temperature 
Compensation (ATC) probe. 

5. Interferences and Corrective Action. 

5.1 Precipitation reactions and absorption of carbon dioxide from the 
air can affect the specific conductance. This can be avoided by 
taking the measurement as soon after sampling as possible. 

5.2 Specific conductance is affected by temperature changes. The use 
of the ATC probe will eliminate this problem. 

5.3 Any constituent of the sample which can coat the conductivity probe 
such as oil or grease, algae, or sedimentation can cause incorrect 
or sluggish re~ponse. Dried salts or particulate matter allowed to 
build up on the cell plates may cause the readings to be erroneous. 
It is important to rinse the cell carefully with deionized water. 

5.4 Ensure that no air bubbles are trapped in the cell area between the 
plates. Failing to do so could cause a false reading. 

6. Safety Precautions. 

Common sense is the best safeguard against any potential hazards. Obviously, 
one must never pipette samples or standard solutions by mouth. Handle the 
probes carefully to avoid breakage. Since the meter will be measuring 
potentially hazardous material, the probes must never be placed in the mouth. 
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7. Sample Size, Collection, Preservation, and Handling. 

Samples should be collected in clean glass or plastic containers. The volume 

should be such that the cell plates of the probe are completely immersed in 

the sample. Samples may be filtered through a 4.5 m filter before analysis if 

necessary. Specific conductance should be measured as soon after sampling as 

possible, however, if readings cannot be taken immediately, samples should be 

stored at 4°C and measured as soon as possible. 

8. Apparatus and Material. 

8.1 Cole Parmer Conductivity Meter, Model 4070 

8.2 Conductivity probe 
8.3 Automatic Temperature Compensation (ATC) probe 

8.4 Clean sample containers 
8.5 Squeeze-type wash bottle, 125 ml or larger 
8.6 Deionized water 
8.7 Calibration standard solution 
8.8 Laboratory wipes - KimWipe or equivalent 

8.9 Replacement batteries, types PP3, 6Fl2, or MN1640 

9. Routine Preventative Maintenance. 

It is necessary to keep the external surfaces clean and free from dust. 

All conductivity probes should be thoroughly rinsed after use and stored in 

deionized water. Particular care should be taken to ensure that the elec

trical connections are free from dirt and debris. It is recommended that the 

instrument be checked and calibrated before going into the field. The symbol 

"BAT" will appear on the display if the batteries need replacing. 

10. Reagents and Calibration Standards. 

Potassium chloride standard solutions with a specific conductance closest to 

the values expected in the field should be used. The table below may be used 

for guidance: 

SPECIFIC CONDUCTANCE OF KCl SOLUTIONS AT 25 DEGREES CENTIGRADE 

Concentration Specific Conductance 
mol/l mg/l umhos/cm 

0.0001 7.456 14.94 
0.0005 37.28 73.90 
0.001 74.56 147.0 
0.005 372.8 717.8 
0.00702 523.4 1000 
0.01 745.6 1413 
0.02 1591.2 2767 

NOTE: This table has been modified from Standard Methods for the Examination 

of Water and Wastewater (1980). 
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Standard solutions may be stored at 4°C for up to one week. Date of prepara

tion can be noted on the container and on the Field Meter Instrument Calibra

tion Log. 

11. Calibration Procedures. 

Cole Parmer Model 4070 Conductivity Meter 

Two options for calibration of the Model 4070 are available in the field, 

depending on instrument accessory availability. If the pre-calibrated probe 

is available, .this is the easiest calibration procedure to do in the field. 

However, if the probe is not available, calibration will have to be done daily 

before field use with a standard solution (commercially prepared): 

Calibration with Pre-Calibrated Probe: 

a. Connect a standatd pre-calibrated probe to the unit. 

b. Select the wset K'' position on the function switch. 

c. Adjust the "Set K" control until the display indicates the value of the 

cell constant as marked on the probe being used. 

d. The standard X 1.0 probe has a cell constant range from 0.80 to 1.20 and 

is calibrated to 2 decimal places. The display should be set to indicate 

this figure exactly. 

The standard X 10 probe has a cell constant range from 8.0 to 12.0 and is 

calibrated to l decimal place. The display should be set to indicate 

this figure shifted one place to the right. 

The standard X 0.1 probe has a cell constant range from 0.08 to 0.12 and 

is calibrated to 2 decimal places. The display should be set to indicate 

this figure shifted one place to the left. 

d. Before using the 20 uS range, the probe should be thoroughly rinsed in 

deionized water, excess water shaken off and the outside of the probe 

body wiped dry. The display should then be set to zero, with the probe 

in free air, by using the ''Zero 20 uS'' control. 

Calibration with a Standard Solution: 

a~ Select the "COND" range. 

b. Immerse the conductivity cell and A.T.C. probe (if separate probe is 

being used) into the prepared standard. 

c. Select the 2000 uS range if using a 1000 uS or 1413 uS standard or other 

suitable range if an alternative standard is being used. 

d. Adjust the "Set K" control to give the exact readout of the standard 

solution selected on the display. 

e. After carrying out the calibration with standard solutions as detailed 

above and with the probe still in the standard solution and the display 

set to the value of the standard solution, switch to the ''Set K" range to 

give a direct readout of the cell constant. 
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f. If the readout cannot be set to the value of the standard solution with 
the "Set R" control, then the cell constant lies outside the "Set K' 
range of 0.80 to 1.20. In such cases, the display should be set to read 
1.00 on the "Set K" position, the display reading on the range giving the 
best resolution should be noted and the cell constant calculated from the 
following formula: 

Note: 

K = Conductivity of Standard Solution 
Display Reading 

This figure should be noted and (with the cell constant set to 1.00 on 
the "Set K" position) the display reading should be multiplied by this 
figure to obtain the correct conductivity. 

Ensure that the conductivity standard has not reached or gone over the expira
tion date marked on the container. 

12. Sample Preparation. 

If the sample contains a great deal of particulate matter which may interfere 
with readings, they may be filtered through a 4.5 m filter . 

• ~-~ 13. Analytical Measurement. 

13.1 Calibrate the instrument (See Section ll). 
13.2 Rinse the conductivity probe and the ATC probe thoroughly with 

deionized water, shake to remove internal droplets, and the outside 
should be wiped before immersing into sample. 

13.3 Allow the readout on the instrument to settle (usually about one 
minute). Multiply the instrument readout by the correction factor 
determined during calibration. Record the corrected conductivity 
on the Well Purging and Sample Collection form. 

13.4 Step 13.2 should be repeated after every sample to prevent cross
contamination. 

13.5 On completion of sample measurement, the probes should be 
thoroughly rinsed in deionized water and for short term storage 
should be kept immersed in deionized water so that the plates 
remain wetted. For longer term storage, the probes should be 
thoroughly rinsed in deionized water, the outside of the probes 
wiped dry, and the probes stored dry. It should be noted that it 
may take some time for stability to be achieved when a dry probe is 
first used while the plate becomes re-wetted. 

14. Data Deliverables. 

Initial calibration of the instrument and conti~uing calibration check results 
will be recorded on the Field Meter Instrument Calibration Log form. Summary 
of sample analysis will be recorded on the Well Purging and Sample Collection 
form, including sample duplicates. 
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15. Quality Control Requirements. 

The meter will be read to the nearest 10 umhos/cm within a range of 0 to 
20,000 umhosjcme Accuracy of measurements shall be ~5 percent of a standard. 
The meter will be calibrated at least once daily and after every 10 field 
samples. Field duplicates will be measured at a frequency of every 10 samples 
by thoroughly rinsing the probes in deionized water, waiting one full minute, 
and then immersing probes in the duplicate sample. Precision shall~be a 
standard deviation of ±10 percent. 

16. References. 

Material for this SOP was obtained from the Instruction Manual for the Cole 
Parmer Model 4070 Conductivity Meter. 

17. Method Validation Data. 

The parameter of specific conductance is being measured for field screening to 
select sampling locations, and method validation data is, therefore, not 
required. 
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The Core Laboratories, Inc. environmental testing laboratory in Edison, New Jersey has provided 
high quality analytical and data management services to major industrial corporations, waste 
disposal firms and governmental agencies since 1981. The laboratory's specialized services are 
directed at the accurate measurement of contaminants in water, soils and sediments, and hazardous 
wastes. Laboratory services have been developed in direct response to regulations written and 
enforced by federal and state environmental agencies. The laboratory has historically performed 
special project investigations that have enhanced its competence and versatility in the field of 
analytical chemistry. This facility previously operated as ETC and PACE, and recently became 
part of Core Laboratories, Inc., effective December 23, 1995. 

Core Laboratories, Inc., an international company with headquarters in Houston, Texas, provides 
environmental and petroleum testing services at laboratory locations within the United States of 
America and in Canada, Indonesia, Malaysia, Scotland and Venezuela. Figure 1.1 shows current 
laboratory locations. Within this network is extensive analytical capacity, capability and expertise. 
This written quality assurance plan documents the procedures used to manage custody elements 
and analytical processes at the Core Laboratories, Inc. New Jersey location (Core) and is 
consistent with the level of quality and integrity represented by the corporate organization. Core 
is utilized throughout this document to reference the specific New Jersey location. 

This quality assurance plan has been prepared to conform in content with the USEPA QAMS-
005/80, "Interim Guidelines and Specifications for Preparing Quality Assurance Project Plans", 
December 29, 1980. QAMS-005/80 includes a section titled Project Description. In this document, 
the laboratory policy statement replaces specific project description information. The tables and 
figures referenced throughout the document are found in the appendix. The appendices of project 
specific quality assurance documents may include additional elements or information. 

This document describes ongoing laboratory operations for routine analyses performed at Core. 
As such, the material contained within is subject to change. Changes may be based on specific 
project requirements or procedural system modifications geared towards operational process and 
quality improvements. This document is reviewed and updated on a minimum yearly basis. 

Because of the variability of samples and matrices, it is not unusual to find that the performance 
criteria of a particular method is unachievable on particular samples. In such circumstances, any 
method or criteria modification will be noted in each final report. 



Core Laboratories, Inc. Quality Assurance Plan 

TABLE OF CONTENTS 

Section & Title 

1.0 Title Page and Foreword 

2.0 Table of Contents 

3.0 Statement of Policy 

4.0 Organization and Responsibility 

5.0 Quality Assurance Objectives 

6.0 Sampling Services 

7.0 Sample Custody 

8.0 Calibration Procedures and Frequency 

9.0 Analytical Procedures 

10.0 Data Reduction, Validation and Reporting 

11.0 Internal Quality Control Checks and Frequency 

12.0 Performance and System Audits 

13.0 Preventative Maintenance 

14.0 Routine Procedures to Assess Data Precision 
and Accuracy 

15.0 Corrective Action 

16.0 Quality Assurance Reports to Management 

Appendix - Figures and Tables 

2 

2 

1 

3 

1 

2 

5 

1 

3 

2 

2 

3 

2 

4 

2 

1 

Doc. QAQOO-HS.ED 

Date: 1/30/96 
Section 2.0 

Revision 10 
Page 1 of 2 



Core Laboratories, Inc. Quality Assurance Plan 

APPENDIX 

Doc. QAQ00418.ED 

Date: 1/30/96 
Section 2.0 

Revision 10 
Page 2 of 2 

Figures & Tables 

Figure 1.1 
Figure 4.1 
Figure 4.2 
Figure 4.3 
Table 5.1 
Table 5.2 
Table 5.3 
Table 6.1 
Figure 6.1 
Figure 7.1 
Figure 7.2 
Figure 7.3 
Figure 7.4 
Figure 7.5 
Figure 7.6 
Figure 7.7 
Figure 7.8 
Figure 7.9 
Figure 7.10 
Figure 7.11 
Figure 7.12 
Figure 7.13 
Figure 7.14 
Figure 7.15 
Figure 7.16 
Table 8.1 
Figure 10.1 
Table 12.1 
Figure 15.1 
Figure 15.2 

Core Laboratories, Inc. Locations 
Organizational Structure 
Laboratory Organizational Structure 
Project Organization - Personnel 
Matrix Spike Recovery limits 
Relative Percent Difference 
Surrogate Recovery Limits 
Containers, Holding Times, and Preservatives 
Sample Shuttle Notes 
Chain of Custody Form 1 (CC1) 
Chain of Custody Chronicle (Multiple Sample) 
Chain of Custody Form 2 (CC2; Field) 
Line Chain of Custody Form 
Sample Receipt Checklist 
Log-in Form 
Daily Receipt Log (Shipping Containers) 
Subcontract Chain of Custody Forms 
Laboratory Analysis Request Log (LARL) 
Internal Chain of Custody Form 
Organics Preparation Chronicles 
GC/MS Analysis Chronicles 
GC Analysis Chronicles 
Metals Preparation Chronicle 
Metals Analysis Chronicles 
Wet Chemistry Laboratory Chronicle (example) 
Instrument Calibration Summary 
Operations Flow Diagram 
Laboratory Certification Summary 
Routine Corrective Action Form 
Investigation/Correction Log 



Core Laboratories, Inc. Quality Assurance Plan 

STATEMENT OF POLICY 

Doc. QAQ004!8.ED 
Date: 1/30/96 

Section 3.0 
Revision 10 
Page 1 o[ 1 

The Core Laboratories, Inc. quality objective is to provide clients with technically and legally 
defensible data of known and documented quality. Quality is defined as conformance to 
requirements. The Core Laboratories, Inc. Quality Policy is as follows: 

Quality Policy 

We will provide on-time, error-free service, data, reports, and products which meet or 
exceed our customer's requirements and/or applicable industry standards. 

We will practice error prevention rather than error correction. 

We will perform each task right the first time. 

Each laboratory staff member must adhere to and practice the Core Laboratories, Inc. Analyst's 
Commitment to Quality, which follows: 

Analyst's Commitment To Quality 

To produce results that are accurate and defensible. 

To use approved methodology and procedures. Deviations from methodology or procedures 
must be approved and documented. 

To acquire a full understanding and knowledge of the methodology used and he associated 
requirements. 

To apply the necessary quality control measures to ensure the accuracy, precision, and 
completeness of all analyses and resulting data. 

To document all test findings and details in such a way that results can be regenerated at 
a later date by another person. 

To utilize good laboratory practices throughout all phases of the analysis process. 

To act on identified non-conformances and out of control events in a timely manner and 
to apply the necessary corrective action. 

To provide the client with data of known and documented quality and to advise the client 
of data that does not meet the method specifications or the client requirements. 

To provide accurate and complete information to management and auditors that IS 
verifiable and traceable to associated documentation. 
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Organizational charts for Core Laboratories, Inc. are shown in Figures 4.1. and 4.2. Figure 4.1 
illustrates corporate relationships, including the analytical laboratory component. Figure 4.2 
demonstrates the organization of the Core Laboratories, Inc. Edison, New Jersey location (Core). 

As shown in Figure 4.2, Core's organizational structure allows close, coordinated interactions and 
promotes the common goals of successful project management and quality data. Core's quality 
assurance staff is independent of laboratory operations and reports directly to the Laboratory 
Manager. Each individual in the Core organization is responsible for their product or the service 
they perform. Analysts and technicians who handle samples or analytical data have the following 
minimum responsibilities. 

o Performs the expected services and methodologies. 

o Performs the quality requirements of their tasks. 

o Takes the corrective actions described in the analytical methods or protocols when the quality 
control specifications are not met. 

o Accurately communicates any sample or quality problems to responsible management 
personnel. 

o Ensures that sample custody is maintained. 

o Adheres to the Core Laboratories, Inc. Analyst's Commitment to Quality. 

Project Organization 

Projects at Core are monitored by project teams selected prior to project initiation. The teams 
consist of representatives from the laboratory operations, quality assurance and marketing staff. 
The goal is to set up and monitor the project to meet client needs. Figure 4.3 presents the key 
individuals on the Core project team. The minimum responsibilities for key project personnel are 
as follows. 

Account Executive 

o Supports client regulatory programs. 

o Coordinates preproject meetings. 

o Establishes contractual terms and conditions. 

o Provides oversite of the project. 

o Communicates the client's quality needs. 
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o Attends preproject and project progress meetings; assists in client or project audits. 

o Defines project scope through detailed documentation of client and project quality and 
technical requirements. 

o Communicates the client and project quality and technical requirements to laboratory 
personnel; implements the project. 

o Coordinates field activities with sample management personnel to ensure proper delivery of 
shipping containers, sample bottles, etc. 

o Tracks and manages the project through the laboratory. 

o Updates the client on nonconformances and responds to requests for information. 

o Coordinates technical report generation to ensure client commitments are achieved. 

Laboratorv Manager 

o Provides supervision of laboratory operations. 

o Implements the laboratory quality assurance plan. 

o Ensures proper scheduling and execution of testing programs. 

o Assures that quality assurance and quality control criteria of analytical methods and projects 
are satisfied. 

o Assesses data quality and takes corrective action when necessary. 

o Notifies the project team of specific laboratory nonconformances and changes. 

o Approves and releases technical and data management reports. 

o Ensures that analysts and technicians maintain sample custody in the laboratory. 

o Approves project specific laboratory quality assurance plans. 

o Coordinates management of projects through technical supervisors. 
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o Acts as the official organizational contact for quality assurance matters. Concerns may include, 
but are not limited to, quality assurance plans, standard operating procedures, analytical 
methodologies and protocols, audits, certifications, support services and corrective actions. 

o Identifies and responds to quality assurance needs, assists in problem resolution and answers 
requests for guidance, information or assistance. 

o Provides guidance in the development of quality assurance plans. 

o Reviews, evaluates and approves written quality assurance plans. 

o Tracks the progress of quality assurance tasks (from preplanning to data assessment) and 
consults periodically with project managers. 

o Monitors quality assurance, quality control and corrective actions throughout the laboratory 
facility. 

o Provides the Laboratory Manager reports of laboratory performance. 
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The Core Laboratories, Inc. quality assurance program objectives are as follows: 

o Define the requirements for laboratory performance, 

o Train laboratory staff on the requirements, and 

o Assess laboratory compliance on the requirements. 

These practices ensure that the laboratory produces data which meets the quality requirements of 
the methods in use and the quality objectives of the data user. By accomplishing this objective, 
the data user will be able to employ the laboratory data for its intended use. 

In addition, these practices provide management with data quality and operational performance 
feedback. Performance feedback data enables management to determine if the laboratory facility 
is achieving the established quality and operational standards of the environmental laboratory 
industry. It enables Core to assess operational performance from a quality perspective and 
perform corrective action as necessary. 

The quality assurance objectives of the laboratory must be consistent with specifications for 
analytical services cited for projects and samples. The laboratory will perform analytical services 
and support in accordance with project requirements as specified by the client. 

The data quality objectives of the laboratory are to produce complete, valid, and verifiable data. 
Core's goals are to execute the required methodologies and procedures, and to generate precise 
and accurate measurements. Tables 5.1, 5.2 and 5.3 identify the laboratory's routine quality 
control objectives. 
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Core provides shipping containers, custody documents, custody seals, sample bottles, labels, 
chemical preservatives for water samples, 'blue ice" packs to maintain thermal preservation, and 
trip and field blanks to support field sampling events. Table 6.1 lists sample container types, 
preservatives and holding times. Core can provide pick up and delivery services to its clients. 

Upon receipt of the field samples at the laboratory, Core ensures that sample bottles are 
maintained according to preservation requirements and that sample storage conditions do not 
contribute to the presence of test analytes in the samples. 

Core Shipping Containers 

The Sample Shuttle111 was developed in 1981 by laboratory staff for the transport of environmental 
samples from the field to the laboratory. The Sample Shuttle is a rugged carrying case lined with 
insulating polyurethane. Insulating sleeves with pre-formed slots hold the sample bottles. The 
container is lockable from the outside. Chain-of-custody seals and forms, employed for each 
Shuttle packed at Core, ensure complete documentation and provide evidence of unbroken custody 
of the Shuttle contents. The Shuttle meets or exceeds all protocol requirements (i.e., DOT, 
USEPA, ASTM) for shipping. Figure 6.1 lists instructions for Sample Shuttle use and sampling 
notes. The Shuttle is configured at the laboratory to provide the client with all of the sample 
containers needed for the analyses. 

Core Shuttles and/or commercial coolers are utilized for projects based upon the preference of 
the client. The commercial coolers are, likewise, sealed and provide the above listed items for 
sampling events and custody documentation. In this document, generic references to Sample 
Shuttles will apply to commercial coolers as well. 

Preservation 

Core provides the required chemical preservatives for water samples and 'blue ice" packs, for 
thermal preservation at 4 + /- 2° C, in the shipping containers during the shipping process. High 
quality reagent grade chemical preservatives are used. The ice packs are supplied at pre-frozen 
or ambient temperatures based upon the client's needs. It is the responsibility of those collecting 
the samples to properly use these materials and ensure that proper preservation techniques are 
performed and preservative requirements are met. Core recommends that all sample containers 
be chilled with ice after collection prior to shipment in the Sample Shuttles. 

Upon receipt of samples at the laboratory, the temperature of each Shuttle is measured and 
recorded on the chain of custody documents. Similarly, the pH of bottles to which chemical 
preservative was added is measured (with the exception of sample collected for volatile organic 
compounds), and the check recorded. A disposable pipette is used to remove an aliquot of the 
sample for the pH check. When deviations from the required chemical or thermal preservation 
are noted, the project manager is notified, and clients may become involved with determining a 
course of action to follow. 
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Water samples for GC and GC/MS volatile aromatics determinations are monitored for pH within 24 hours of sample log-in. The pH is initially checked by testing the contents of the sample bottles used during volatiles screening procedures. The remaining bottles are not opened until analysis, at which time the pH of each individual sample bottle used is checked. Samples that have an observed pH > 2 upon initial monitoring are scheduled for analysis with a shortened hold time of 7 days from sampling. The portion of sample used for the analytical determination is removed from the vial prior to checking the sample's pH. Sample pH measurements are recorded on laboratory chronicles as they are taken. 

Sample Bottles 

Core provides pre cleaned sample bottles in the shipping containers for sample collection. Used sample bottles are never reused by the laboratory. Vendor prepared !-Chern 200m, 300™ or equivalent bottles can be provided as projects necessitate. Laboratory cleaning and preparation procedures for commonly used bottles are as follows. 

Bottle Caps: Teflon lined. New caps are rinsed with deionized water, allowed to air dry in racks, then placed on bottles. 

Amber Glass Bottles (1 L, 500 ml, 250 ml): Rinsed with de-ionized water. Baked at 200° C for 30 minutes prior to capping and use. 

Clear Glass Vials ( 40 ml for volatile organics): Teflon lined septa for caps are stored in containers prior to use. Bottles, caps and septas are rinsed with de-ionized water, then baked for one hour at 105° C in an oven used exclusively for this purpose. Hydrochloric acid preservative is added to each vial used for aqueous samples. Upon client request 20 mg of sodium thiosulfate is added to remove residual chlorine in the sample. Bottles are capped and stored in sealed, airtight metal containers prior to use. Bags of granulated carbon are enclosed to adsorb any organic vapors present. 

Amber Glass Bottles (125 ml): Rinsed with de-ionized water and air dried. Baked at 200° C for 30 minutes prior to capping and use. 

Plastic Bottles: Bottles and caps are rinsed with deionized water and allowed to air dry in racks prior to capping and use. Bottles used to collect sample for the analysis of metals are rinsed in nitric acid solution. 

Coliform Bottles: All bottles used for the sampling and analysis of coliform are purchased sterilized. They are received sealed and autoclaved. 

Sample Receipt Schedule 

Samples are normally delivered to the Core facility during normal business hours within one day following field sampling unless different arrangements are made in advance with an authorized Core representative. Shipping containers received at the laboratory on business holidays, weekends or after normal work hours will be placed in the walk-in refrigerator and opened on the next regular business day unless prior arrangements are made in advance for that day's receipt and log-in. 
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Samples are physical evidence and, as such, are handled at Core according to certain procedural 
safeguards. For some types of legal proceedings, a showing to the court that the custodial 
laboratory is a secure area may be all that is required for sample data to be admitted as evidence. 
In other cases, the court may require a detailed showing of the hand-to-hand changes of custody 
that a sample has undergone. Federal and state agencies and private sector clients may also 
require varying levels of custody documentation from the laboratory. Core is equipped to provide 
the defined level of custody documentation necessary. 

Maintaining Custody by NEIC Definition 

Custody is maintained by USEPA National Enforcement Investigations Center (NEIC) definition 
when: 

o The sample is in the actual possession of the responsible person, or 

o The sample is in the responsible person's view after being in their possession, or 

o The sample is in the responsible person's possession and then they locked or sealed it up to 
prevent tampering, or 

o The sample is in a secure area. 

Core Laboratory Procedures 

To satisfy these custody provisions, the following standard operating procedures are employed: 

o The Core laboratory is maintained as a limited access, secured facility. 

o The grounds and parking areas around the building are patrolled on a regular basis by a roving 
patrol supplied by the Raritan Industrial Center. 

o Employee access to the building and selected security area (including walk-in refrigerators) 
within the building is controlled by a computerized card reader employee identification system. 
Access is on a need basis during authorized work hours. 

o Visitors must register upon entering the lobby of the facility, and must be accompanied by 
their host at all times while they are in the building. 
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o Receipt and log-in of samples is fully documented and is performed in a controlled area. 

o Samples are stored in a secure area. 

o Walk-in refrigerators, freezers, and other primary sample storage areas are kept locked at all 
times or when unattended, dependent upon the function of the unit. 

o Only designated Core personnel have access to the primary sample storage areas. 

o Samples remain in secured sample storage until removed for sample preparation or analysis. 

o The internal transfer of samples is controlled and documented. 

Core Sample Custodians 

Core sample custodians are responsible to perform the following: 

o Receive, inspect and record the condition of samples and shipping containers. 

o Sign appropriate documents shipped with the samples. 

o Verify and record correctness of sample documentation. 

o Place samples into appropriate storage and secure areas. 

o Control and monitor access and storage of samples. 

Sample Identification Numbers 

Unique Core sample identification (ID) numbers are assigned to client samples. Every sample 
bottle is labeled with the client and laboratory ID. Coded descriptions of the required analytical 
and support services are associated with each sample number. The Core sample ID code is used 
to track the sample pathway throughout the analytical process. 

If samples are "prelogged" in the laboratory information management system (LIMS) prior to 
shipping (Core numbers are already assigned), the bottle labels include the ID codes, and the 
Core sample numbers are utilized during the laboratory shipping, receipt and log-in procedures. 
If laboratory ID numbers are to be assigned after bottle shipment or upon sample receipt, plain 
or fill-in labels are shipped. The client sample IDs are then used during laboratory receipt and 
log-in processes. 

Sample Receipt and LDg-In 

The sample custodian is responsible for laboratory receipt and log-in operations. The sample 
custodian examines the shipping containers, custody seals and shipping documents. The shipping 
containers are opened, the temperatures taken, and all samples checked against the accompanying 
paperwork. The pH of sample aliquots which have been chemically preserved, except those used 
for volatile organics analyses, are monitored. Any and all noncompliances are documented. The 
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client is contacted by telephone as soon as practical regarding any custody problems or problems 
with the condition of the samples upon receipt at the laboratory. 

Should the samples arrive before all the necessary information is received from the client regarding 
analysis, the clock will not start (days will not be counted towards turnaround) until the 
information is obtained; actual sample holding time is independent and not affected by any delay. 
Turnaround is defined as the time interval between laboratory receipt of a sample in a condition 
suitable for the prescribed analysis and delivery of analytical results to the client. 

Sample turnaround may be based upon single sample receipt at the laboratory or the receipt date 
of the last sample of a sample delivery group (SDG) received at the Core facility. SDG is defined 
by the following, whichever is more frequent: each twenty (20) field samples received or each 
fourteen (14) day calendar period during which field samples are received following the first in the 
group. Samples may be assigned to SDGs by matrix (aqueous and soils/sediments placed in 
separate SDGs) at the discretion of the laboratory. The turnaround time is based upon the 
analytical protocol or as defined by the client. 

During log-in, the sample custodian checks the contents of the shipping containers against the 
Core custody documents, Chain of Custody Form 1 (CC1) for single samples or Chain of Custody 
Chronicle for multiple samples, Figure 7.1 - 7.3, or other client supplied custody records. In the 
absence of comparable shipping records, a Core Line Chain of Custody Form, Figure 7.4, is 
generated. Observations concerning the presence or absence of bottles, the condition of the 
samples as received and any other anomalies are recorded on the custody forms and Sample 
Receipt Checklist, Figure 7.5. -

The original custody form is signed by the sample custodian, documenting sample receipt by the 
laboratory. Completed custody forms are placed into file folders identified by unique log-in codes 
specific for the samples. The file folders are reviewed by the project managers and ultimately 
transferred to report production personnel who incorporate the custody forms into the report 
packages, and assume responsibility for proper Core custody records archive along with the sample 
data. 

When receipt documentation is completed, a Core sample Log-in Form, Figure 7.6, is generated. 
A log-in form reflects the information present in the LIMS for the sample. A log-in form is an 
internal document designed to summarize all the relevant information concerning a sample's 
receipt and analytical requirements. It is circulated internally and instructs the laboratory with 
regards to the receipt, and required analyses and reporting of the sample. Each sample bottle is 
labeled with its unique log-in code reference, as well as its sample identification number. 

After the samples are logged-in, the sample bottles are placed in designated areas of the cold 
storage units. The sample bottles are stored according to preservative type and analyses in log-link 
order. Volatile organic sample bottles are stored in a separate refrigerator unit. 

Sample Custodv for Client Drop Off or Core Courier Pick Up 

The transfer of shipping container custody is documented on a Daily Receipt Log, Figure 7.7. If 
the client wants a copy, it is provided for their records. The Core courier is not authorized to 
open shipping containers or itemize samples for laboratory receipt. 
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If the client drops off samples at the Core facility and requests a showing of hand-to-hand change 
of sample custody, the shipping containers are opened by the sample custodian and the samples 
are itemized. The checks and notations previously described are made. The client is given the 
custody forms to review. The client signs the Chain of Custody form, relinquishing the samples 
to the sample custodian. A copy of the Chain of Custody form serves as a receipt for the client 
if one is requested. Standard log-in procedures are follow. 

Special Handling for High Hazard Samples 

If a shipping container is labeled "Caution - Hazardous Materials," or if it contains samples 
suspected to be extremely hazardous, the sample custodian supervisor is notified prior to the log
in process. The containers are opened by sample custodians who have successfully completed 
respirator fit-test and safety training sessions in the necessary protective equipment. The shipping 
containers are opened using all the safety measures deemed necessary by the Core safety 
consultant, if available, and the responsible supervisor. 

Core sample receipt and log-in procedures are closely followed. The receipt of the sealed 
containers are documented on the appropriate chain of custody form. The persons authorized to 
open such containers will perform the log-in steps previously described in this section. 

Subcontract Laboratory Chain of Custody 

Samples are subcontracted by Core to approved laboratories for client required analyses that, for 
example, the Core laboratory does not regularly perform. Subcontract laboratory custody is 
documented on the Core Subcontract Chain of Custody form, Figure 7.8. For intercompany 
sample transfers, Figure 7.1 - 7.2 custody documentation may be used along with a completed 
Laboratory Analysis Request Log, Figure 7.9. Samples are shipped by Core using overnight carrier 
services, picked up daily by the subcontract laboratory or delivered by Core, depending on the 
subcontract laboratory utilized for the analyses. 

Maintaining Internal Chain of Custodv 

Sample custody within the Core facility is documented on laboratory records by the sample 
custodians and the authorized Core personnel who take custody of the samples to perform the 
required preparation and analytical procedures. A number of internal custody records may exist 
for a sample for which multiple determinations are performed. Internal custody is established by 
the Core sample custodian. 

Changes of custody within the laboratory are recorded on the Internal Custody Form, Figure 7.10, 
as they occur. The date and time that sample custody is assumed and relinquished is documented. 
Personnel signatures authenticate the accuracy of the information recorded on the form. The 
Appendix additionally includes Core laboratory chronicles for organic and inorganic preparations 
and analyses. The laboratory staff uses these documents, Figures 7.11 through 7.16, which offer 
further demonstration of internal custody while the samples are being worked on in the laboratory. 
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Sample preparation and analysis are documented through the use of laboratory chronicles and 
internal custody forms, as previously described. Computer reports generated from the LIMS show 
the status of each sample for every analysis, as updated by the responsible scheduler. Sample 
status information may be accessed electronically through the LIMS as well. LIMS generated 
sample hold time and turnaround reports are utilized by Core management to ensure that hold 
times are satisfied and client technical reports are completed on time. 

When an analytical batch is completed, the transfer of the sample results from the analytical area 
to the technical report production area is recorded in a log notebook. The respective laboratory 
areas (cost centers) are updated in the LIMS for the change to the sample's status. When the 
technical reports are complete, a tracking system is utilized to mail the reports and archive them 
according to procedures identified in Section 10. 

Sample Custody After Analysis 

The laboratory custody of a sample routinely ends with laboratory disposal. Core's routine disposal 
of samples occurs after a minimum of thirty days from the mail date of the sample technical 
reports. Core retains samples for longer periods of time to comply with client or contract 
requirements, and returns remaining sample to clients at their request. At Core's discretion, 
hazardous samples may be returned to clients. Sample disposal is addressed at greater length in 
Section 9.0, Waste Disposal. 
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Instrument calibration is a mandatory requirement of performing quantitative analytical 
methodology. The laboratory must meet the established method criteria for instrument calibration 
and calibration verification before proceeding with sample analysis. Table 8.1 summarizes the 
laboratory's routine instrument calibration procedures. 

Core will meet the calibration criteria specified in the methods. The analysts will not continue 
with an analysis or accept data unless the calibration requirements have been met. Likewise, 
when an analytical method or protocol includes the use of other instrument quality control 
procedures, such as GC/MS tuning, the analysis will not proceed unless the quality control criteria 
are met. 

Analytical Reference Standards 

Core's analytical reference standards are foundational to the quality of the analytical 
determinations performed. Instrument calibration and calibration verification is performed at 
the method required frequency utilizing analytical reference standards that satisfy the method or 
protocol specifications. Laboratory pure water and reagent grade or higher organic solvents and 
acids are used for solutions. Proper storage and handling techniques are followed. Standards are 
not used past their expiration dates. 

Organic standards are obtained from a variety of vendors. Stock solutions or working calibration 
standards are prepared from purchased neat materials or concentrated solutions. Several custom 
working standards are purchased with the components at the desired concentrations. Core lot 
number designations can be used to trace reference standards to their purchased sources. Core's 
written documentation provides in-house traceability. Percent purity traceable to NIST and 
USEPA may be available from vendors. Vendor prepared standards utilized for several analytical 
protocol are purchased as certified by USEPA Contract Laboratory Program (CLP) procedures 
and criteria for analytical reference solutions. 

Inorganic standards are obtained from vendors that specify traceability to NIST and USEPA 
materials. Most are purchased as solutions and diluted at the laboratory. Core's written 
documentation provides in-house traceability of the working reference solutions to their purchased 
sources. Lot numbers are used for several applications. 

Both organic and inorganic standards preparations are thoroughly documented in laboratory 
notebooks or preprinted log sheets designated for that purpose. Preparation and expiration dates 
are indicated. The preparer signs, authenticating the laboratory entry. Recorded information 
includes: the concentrated source; the volume or weight of the source used in the dilution; the 
final volume and concentration level of the dilution; the acid, preservative or organic solvents 
used, etcetera. Dilution factors are recorded for several applications. Cross reference to other 
sources of information may be included in the documentation scheme. The preparation 
documentation is retained by the laboratory should it be needed for verification at a later date. 
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The Core laboratory utilizes approved USEPA methodologies for all analyses, if available and 
applicable. The deliverables included in the sample technical reports are based upon the level of 
report deliverable requested and the quality assurance requirements of the methods performed. 
Analytical results and quality assurance protocols are based upon, but not limited to, the following 
methods and guidelines. 

"Methods of Organic Chemical Analysis of Municipal and Industrial Wastewater", Federal Register 
Vol. 49, No. 209, October 26, 1984; 

"Test Methods for Evaluating Solid Waste, Physical/Chemical Methods", SW-846 Third Edition, 
USEPA, September 1986 and Updates; 

"Standard Methods for the Examination of Water and Wastewater", 17th & 18th Editions, 
American Public Health Assoc., American Water Works Assoc., Water Pollution Control 
Federation, 1989 and 1992; 

"Methods for Chemical Analysis of Water and Wastes", EPA 600/4-79-020, EMSL, March 1983; 

"Methods for the Determination of Organic Compounds in Drinking Water", EPA-600/4-88/039, 
EMSL, December 1988 with July 1991 revisions; 

USEPA Contract Laboratory Program Statements of Work for Organics Analysis: SOW OLMOl.O 
and latest published revisions, 1990; 

US EPA Contract Laboratory Program Statements of Work for Inorganic Analysis: SOW ILM02.1, 
September 1991; SOW ILMOl.O and latest published revisions, 1990; 

"Handbook for Analytical Quality Control in Water and Wastewater Laboratories", 
EPA-600/4-79-019, March 1979; 

National Enforcement Investigation Center Policies and Procedures Manual, EPA-330/9 /78/001-R, 
Revised May 1986; and 

"Emergency Standard Practice for Generation of Environmental Data Related to Waste 
Management Activities", ASTM ES 16-90, American Society for Testing and Materials, June 1990. 

Core may revise procedures to reflect more recent method revisions or USEPA CLP Statements 
of Work (SOW) prior to or during a project, and reserves the right to utilize later method 
revisions or SOWs for project samples at that time. 

Core has the capability of modifying methods, as well as performing specific client or project 
methods. Within normal laboratory operations, Core can design experiments or method 
improvements to offer its clients improved performance for a specified parameter. 
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The laboratory utilizes accepted procedures for cleaning laboratory glassware. Cleaning 
procedures differ based on the intended use of the glassware but always include washing in 
laboratory grade phosphate-free detergents, tap water rinses followed by deionized or other 
laboratory grade water rinse, and acid or solvent rinses or soaks as appropriate for the glassware's 
intended use. 

After use, laboratory glassware is rinsed to remove contaminants prior to being placed in the 
glassware area for cleaning. Glassware is manually or machine washed according to specifications; 
all signs of visible discoloration and/ or any materials that may have been present must be 
eliminated or the glassware is discarded. Glassware may be baked at a high temperature ( 400° 
C) to remove any potential residuals, depending on the piece and its intended use. Glassware is 
properly stored prior to use to ensure that contamination does not occur, and is solvent or acid 
rinsed as appropriate prior to use. 

Materials Procurement and Control 

Purchasing guidelines for all materials and performance guidelines for equipment having an effect 
on data quality are established. Materials are purchased according to method specifications or 
other regulatory or contract criteria; purchase order substitutions are not permitted by the 
purchasing department without prior expressed approval by authorized operations management. 

Goods and materials are visually inspected upon receipt to ensure they are the items that were 
ordered from the vendor. Discrepancies are checked; materials that do not satisfy purity, quality 
or grade requirements are returned. Reagent lot number information are recorded on laboratory 
log sheets; clean method blanks indicate that reagents utilized for an analytical determination did 
not contribute to the presence of an analyte in a sample. 

Chemicals and reagents are stored in accordance with applicable fire and safety regulations and 
guidelines, protocol requirements and under conditions specific to the material or its use. Areas 
dedicated for chemical reagent storage are well maintained and orderly; materials maintained by 
bench personnel are expected to be inventoried and stored in a similar manner. 

The laboratory realizes the importance of proper storage and documentation procedures for both 
analytical reference standards and chemical reagents. Chemicals and reagents arriving at the 
facilities in vendor shipments are dated upon receipt to establish their order of use and minimize 
the possibility of exceeding their useful shelf life. Likewise, analysts and technicians are trained 
to date materials upon opening as a tracking mechanism for the material. 

Periodically, inventories are reviewed and materials are evaluated for disposal. Materials that are 
received without a manufacturer's expiration date are assessed based upon receipt and opening 
dates and the nature of the material. When contamination is traced to a reagent, the bottle or 
entire lot is removed from service. 
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Core maintains several water purification systems within the laboratory that produce water of 
sufficient quality so as to be demonstrated acceptable for use in preparation of reagents and 
method blanks, and provided for sampling activities as field, trip, equipment and rinsate blanks. 
The same source waters that are used for ongoing laboratory analyses are provided for client use. 
Blanks that are provided to clients in sample shuttles must be prepared on the day that the shuttle 
is shipped from Core. The water is monitored daily for specific conductance. 

The Core water purification system includes a reverse osmosis process incorporating carbon and 
deionizing tanks prior to the end use. Dependent upon the use, additional prefilters, carbon 
tanks, deionizing tanks and organic scavenger polishers may be used on the finished water. Core 
water purification processes also include independent tank systems that are configured to generate 
a finished water suitable for its intended laboratory use. 

Waste Disposal 

Core's waste disposal practices conform to all USEPA and NJDEP waste handling requirements. 
The laboratory retains a RCRA Part A pennit (generator only) which allows the laboratory to 
generate and store hazardous materials for a maximum of ninety days. Wastes are shipped to 
USEPA pennitted and approved treatment, storage, and disposal facilities prior to expiration of 
the ninety day limit. Core performs a bulk reduction step which destroys sample bottles and 
labels; consequently, a sample cannot be identified in the waste at a later time. 

Before engaging a waste disposal firm, Core obtains copies of the firm's permits and all applicable 
identification numbers. The firm must provide certificates of insurance to demonstrate adequate 
liability coverage. Waste disposal firm information is updated on an annual basis. Core maintains 
records on all waste transactions and waste contractor documentation. Waste manifests are 
processed as required. 

Laboratory wastes are segregated into several waste streams. Aqueous wastes are treated as a 
single stream and removed to a waste treatment plant by a bulk handler. Solid material is 
segregated into soils/sludges and solid laboratory trash (not sample related), and removed to a 
subtitle C waste facility. PCB containing wastes (samples with known amounts or sample extracts 
containing PCBs) are removed to facilities permitted to accept TSCA wastes. Samples containing 
Polychlorinated Dibenzo-p-Dioxins are isolated and returned to the client (or, alternatively, may 
be disposed of through a USEPA approved pathway). Oil/water mixtures and waste solvents are 
sent to a USEPA approved fuel blending facility. 



Core Laboratories, Inc. Quality Assurance Plan 

DATA REDUCTION, VALIDATION AND REPORTING 

Doc. QAQ00418.ED 
Date: 1/30/96 

Section 10.0 
Revision 10 
Page 1 of 2 

Data reduction, validation and reporting describes the processes that result in the delivery of 
quantitative analytical data to the data user. These processes include calculation of raw data into 
final concentration units, reviewing results for accuracy and assembly of the technical report 
contents for delivery to the data user. The following describes procedures employed at Core for 
translating raw analytical data into accurate, finished sample reports and data storage. 

Data Review and Processing Procedures 

All organic and inorganic data generated by Core are reviewed by designated trained personnel. 
The analysts who acquire the data are responsible for initial on-line checks for compliance to the 
analytical requirements. After a sample batch is acquired, the data review procedure includes 
data interpretation and quantitation, inspection of quality control data against criteria, data 
reduction, narrative or comments writing, and ensuring that the data package includes all required 
analytical and quality control results, raw data and laboratory chronicles. After review and 
acceptance, analytical results are processed or entered into Core's computerized data base and 
tabular summary tables are generated, or USEP A CLP forms are created. 

The completed data package is transferred to a designated reviewer who performs a quality control 
audit for use of the proper methodology and detection limits, compliance to quality control 
protocol and criteria, presence and completeness of required deliverables, and accuracy of 
calculations and data quantitation. 

Data packages are then transferred to the production service personnel who review each data 
package to ensure compliance with client orders by reviewing on-line input in the Core computer 
tracking system. The laboratory data is assembled in the client's technical reports. Reports are 
reviewed for completion prior to reproduction in the copy /bind department. Figure 10.1 gives an 
overall view of the general operations flow. 

Use of checklists ensure that all data is systematically handled and no steps are omitted. 
Checklists are reviewed, and are retained and accessible should they need to be referenced at a 
later date. The data and deliverables are checked and signed during processing procedures, and 
then systematically filed by reference identification numbers. 

Technical Report Deliverables 

Technical reports are prepared to include the components or level of deliverables that are 
requested by clients for samples or projects, or contractually required. Core's standard report 
includes tabular results, data system printouts for several analyses, chain of custody records, and, 
as provided to the laboratory, sampling time and date, field location codes and client sample 
point identifications. Quality control results are routinely included for several analyses. 

Core also prepares technical reports that include full data deliverables for validation purposes, and 
lesser, abbreviated reports. Full deliverables include all raw and processed data applicable to the 
analyses performed. Core prepares single sample technical reports or multi-sample report 
packages. The multi-sample technical reports contain results for a sample delivery group (SDG) 
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or other client or laboratory defined sample set. Core recommends multi-sample reports when 
full deliverables packages are required. 

The Core laboratory prepares electronic data deliverables as required for contracts and upon 
client request. 

Data Archive 

Sufficient records are retained to recreate analytical events at the laboratory. 
cataloged and maintained in limited access areas. Data archive and storage is 
designated individuals who control the access to stored information. 

Records are 
managed by 

All information retained at the Core facility is stored in secured areas. All hard-copy information 
is stored on-site at the laboratory or off-site at a commercial document storage facility equipped 
with a professional security system. All electronic data is stored on-site at the laboratory or off
site at a commercial document storage facility equipped with a professional security system and 
a controlled environment suitable for storage of magnetic media. 

Core reserves the right to transfer hard-copy information onto microfilm. Core reserves the right 
to store information in hard-copy files, on magnetic media and/ or microfilm. The information is 
retained and accessible for a minimum of seven years unless otherwise specified through a client 
specific contract. 

Response to Inquiries 

The Core laboratory recognizes the importance of its timely response to inquiries regarding the 
laboratory's work for samples and projects. The laboratory will respond to inquiries as rapidly 
as possible as part of its corrective action plan. Core should be considered the primary contact 
for all data inquiries when subcontract or other network laboratories are used for analyses. 



Core Laboratories, Inc~ Quality Assurance Plan Doc. QAQ00418.ED 

Date: 1/30/96 
Section 11.0 
Revision 10 
Page 1 of 2 

INfERNAL QUALITY CONTROL CHECKS AND FREQUENCY 

The responsibility for the internal analytical quality control checks rests with the laboratory analyst. 
The type, frequency and acceptance criteria of the checks performed are based upon the reference 

analytical methodology employed and client or project requirements. In cases where the project 
required method does not address these critical issues, Core may recommend that quality control 
protocols be established on a per method basis to meet the intended data quality objectives of the 

project. 

The following descriptions present a summary of quality control samples that are used routinely 
for Core projects. These data are compiled and are used both by the QA department and project 
staff to monitor data for systematic analytical problems. 

Trip Blank: Analyte free reagent grade water prepared by the laboratory, shipped in the Sample 
Shuttle, and analyzed with the samples to detect accidental or incidental contamination during 

transport. Analyzed as required for a project. 

Field Blank: Reagent grade water provided by the laboratory that is transferred on-site to an 
additional clean sample container to evaluate the environmental or procedural effects of a 

sampling event; used to determine if contamination occurred during field sampling. Analyzed as 

required for a project. 

Equipment Blank (Rinsate Blank): Reagent grade water provided by the laboratory that is passed 

through sampling equipment to determine the effectiveness of the field equipment cleaning 
procedures. Analyzed as required for a project. 

Method Blank (Reagent Blank): A blank used to check chemical reagent or process introduced 

contamination in the laboratory. Analyzed, at minimum, at a 1:20 sample frequency or as required 
by a method if more often. 

Quality Control Spiked Blank/Laboratory Control Sample: Secondary /independent source 

standard reference materials spiked into reagent grade water or other blank material and carried 

through the entire preparation and/or analytical process to verify or demonstrate method 
performance. Analyzed, at minimum, at a 1:20 sample frequency or as required by a method if 

more often. 

Spiked Sample (Matrix Spike); A client sample spiked with standard reference materials and 
carried through the entire preparation and/or analytical process to evaluate sample matrix effects 

on analyte recovery and accuracy. Analyzed, at minimum, at a 1:20 sample frequency. 

Unspiked Laboratory Duplicate: A client sample which is split and carried through the entire 
preparation and/or analytical process as a replicate sample to evaluate laboratory reproducibility 

and precision. Analyzed, at minimum, at a 1:20 sample frequency for metals and wet chemistry 

determinations. 

Spiked Laboratory Duplicates (Matrix Spike & Matrix Spike Duplicate): A client sample which 

is split, spiked with standard reference materials, and carried through the entire preparation 

and/or analytical process as a replicate sample to evaluate sample matrix effects on analyte 
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recovery and accuracy as well as laboratory reproducibility and precision. Analyzed, at minimum, 
at a 1:20 sample frequency for organics determinations. 

The following are added to field and quality control samples for organic analyses: 

Internal Standards: Compounds that possess similar chemical and physical properties to the target 
analytes. Added to samples or extracts prior to analysis, and used as retention and response 
reference points and to verify instrument performance. Evaluated as specified in the applicable 
GC/MS analytical methods. Used for several GC determinations. 

Surrogates: Compounds that possess similar chemical and physical properties to the target 
analytes. Added to each sample to check for matrix effects or other difficulties related to method 
application. USEPA CLP and SW-846 recommended surrogates and recovery limits are used and 
reported when available. 
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Internal and external performance and system audits are used to assess the laboratory's ability to 
perform and support environmental analyses by evaluating it against required protocol or other 
stated objectives. Outlier values and investigative findings can result in corrective actions that are 
designed to cause improvement and prevent recurrences or lead to, for example, conformance to 
a specific future project's requirements. 

A performance audit is a quantitative or qualitative evaluation of analytical data produced by a 
laboratory using samples containing analytes of interest. Performance audit samples, known also 
as proficiency or performance evaluation samples, are introduced to the laboratory as single or 
double ''blinds", referring to the amount of information the receiving party is told in advance 
about them. With single blinds, the laboratory knows that the samples are for audit purposes 
but does not know the analytes and/or the concentrations present. With double blinds, the 
laboratory does not know that the samples are audit samples. Typical performance audits provide 
the means to assess precision and accuracy, as well as analyte identification. 

A systems audit is an inspection and review of the data generation, quality control and support 
system of an analytical laboratory. This inspection and compliance review includes all activities 
related to the requirements established for the laboratory quality assurance program. Typical 
systems audit include an evaluation of the following: 

o Assessment of degree of compliance with the quality assurance program including certification 
programs, SOP completeness, completeness of quality assurance project plans, assessment of 
QA documentation, data review and approval process, internal QC program, and internal 
audits; 

o Continuing compliance with corrective actions identified in a previous audit of the facility; 

o Detailed performance audits of selected analytical programs; 

o Calibration procedures and documentation; 

o Sample handling procedures including chain of custody; and 

o Experience of laboratory personnel. 

I ntemal Audits 

The Core quality assurance staff conducts scheduled and unscheduled audits that are designed to 
aid in the fulfillment of quality assurance objectives within the facility. Good laboratory practices, 
safety and conformance to standard operating procedures and methodologies, as well as results of 
internal performance audit samples, are reviewed by the QA staff. Systems audits are scheduled 
on a bimonthly basis. 

Reports may be submitted to the area managers and laboratory director when non-conformances 
are observed, or other follow-up is taken. The responsible area managers are accountable for the 
timely implementation of the corrective actions. Unscheduled audits are conducted to confirm 
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that critical concerns have been addressed. Corrective actions are monitored. Internal audit 
reports are confidential to Core employees. 

External Audits 

Clients and regulatory agencies routinely audit the Core facility. The audits include performance 
evaluation samples submitted as blinds or double blinds for analysis, as well as announced and 
unannounced on-site laboratory inspections. The QA staff hosts or otherwise participates in 
external systems audits, which occur frequently on an ongoing basis. The external audit schedule 
is variable based upon client and regulatory requirements. 

The laboratory participates in a number of ongoing, scheduled performance audit activities. Core 
participates twice yearly in USEPA Water Supply (WS) and Water Pollution (WP) performance 
evaluation studies, quarterly in proficiency studies from the State of New York (two potable water 
and two non-potable water/solid/hazardous waste studies per year), annually in US EPA Discharge 
Monitoring (DM) studies, annually in limited studies from the State of Wisconsin, and, when 
scheduled, solid and hazardous waste studies from the State of California. United States Army 
Corps of Engineers (USACE) proficiency samples, required for initial and continued validation, 
are analyzed, at minimum, every eighteen months. In addition, Core analyzes proficiency samples 
annually, or any other client-defined frequency, for private sector clients. Core analyzes external 
performance evaluation samples to support the environmental laboratory certification programs 
described below and private sector client laboratory approval programs and contracts. 

Core is regularly audited by state agencies for compliance to state certification regulations. Private 
sector laboratory approval programs also include periodic laboratory audits. Projects and contracts 
frequently require laboratory inspection prior to award and at designated intervals thereafter. 
Core management is responsible for responding to the findings of external audits using the same 
mechanisms employed for internal audits, and for implementing corrective actions. 

Certifications and Approvals 

Core participates in a number of environmental laboratory certification and approval programs. 
Approval entails laboratory evaluation which includes, but is not limited to, representative 
proficiency samples, initial and periodic systems audits, and other proof of laboratory qualification. 

Core holds or will obtain the appropriate state certification for every active project requiring 
analysis by a state certified environmental laboratory. Core currently participates in eleven state 
certification programs and is approved for the analysis of drinking waters, non-potable waters and 
solid/hazardous wastes. The types of certification available to environmental laboratories varies 
from state to state. Refer to Table 12.1 for Core's state certification list, certification numbers 
and the types of approval held. 

Core is also approved by federal Department of Defense (DOD) environmental laboratory 
approval programs. Core is validated by the United States Army Corp of Engineers (USACE) 
Missouri River Division (MRD) and is Naval Energy and Environmental Support Activity 
(NEESA) Installation Restoration Program (IRP) approved. 
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The Core laboratory maintains records of the quality control data generated for analytical batches, including, but not limited to, method blank, spiked blank recovery, spiked sample recovery, duplicate sample, and surrogate recovery data. The data may be used to statistically determine or assess precision, accuracy, method validity and process control, and monitor performance for corrective action. 

Core administers a program designed to investigate and resolve internal and external data challenges. The goal is to ensure that the issues, investigations and resolutions are documented and tracked. The overall system, particularly the self-inspection aspect, enables Core to develop strategies and policies to reduce any systematic errors. 
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Core, being a highly computerized and instrument oriented laboratory, maintains service contracts 

for major instruments for routine maintenance and emergency call service. Service engineer 

support for other instrumentation is available and utilized on a scheduled or as need basis. Core 

performs routine maintenance to prevent instrument malfunction and minimize downtime, and to 

optimize instrument capabilities. 

In the event of an instrument breakdown, several options may be considered while service is being 

performed. Core may schedule the work on another instrument, request the vender to provide 

another instrument, or subcontract the work to an approved subcontract laboratory or Core 

Laboratories, Inc. location, providing certification requirements are satisfied and the client 

consents. 

Preventative Maintenance 

Analysts are trained to respond to instrument maintenance needs. Criteria for this type of 

maintenance is based on instrument performance. Failure of instruments to perform according 

to stated methodologies and criteria limits drives the need for daily maintenance. The schedule 

of preventative or routine maintenance checks are, in general, outlined within the specific 

equipments' operators manuals and in the analytical procedures performed. Core adheres to these 

schedules, and it is the responsibility of both the analyst and department manager to ensure these 

checks are completed. 

Replacement Parts 

The laboratory maintains an inventory of replacement parts for all analytical instrumentation. This 

enables Core analysts to perform routine maintenance and repair of instruments as needed. 

Re<:ord keeping and Preventative Maintenance Logbooks 

Instrument specific logbooks are utilized to record instrument problems, maintenance and 

demonstration of control. Core maintains one current logbook per instrument. Analysts are 

required to record all maintenance performed on an instrument; outside service engineer records 

are included so the maintenance documentation is complete. If an instrument is unusable, a label 

stating so is placed on the instrument to avoid its use. 

Thermometers, Refrigerators, Ovens and Balances 

Laboratory thermometers are calibrated against NIST traceable thermometers annually. The 

results are recorded in a logbook specific to that purpose. Correction factors are recorded on the 

thermometer tags, along \vith the unique thermometer identification number and calibration date, 

and used by Core personnel to correct actual temperature measurements. The correction factor 

is applied to each reading until the thermometer is calibrated again. Use of thermometers with 

a correction of > so C is avoided. Core minimizes the need to apply corrections by utilizing the 

correct media, thermometers and procedures during calibration. 
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Refrigerators and ovens are monitored once or twice daily or as used, dependent upon the function 
of the unit. Logbooks are maintained by the units to record monitoring and results. If a unit fails 
acceptance criteria, monitoring is continued until the temperature stabilizes within the range or 
appropriate corrective actions are taken. Monitoring occurs at one (1) hour intervals for a 
maximum four (4) hour period; if the reading following the temperature control adjustment is 
out, the unit is considered "out of order", and is emptied and serviced. It is not put back into 
service until shown to be stable at the required temperature range. 

Analytical balances are calibrated annually by an outside service. A dated sticker, certifying the 
calibration, is placed on each balance. Records for balance calibration and servicing are 
maintained in Core QA files. Multiple and single point calibration checks are regularly performed 
to ensure the accuracy of each balance. The results are recorded in dedicated logbooks that are 
maintained at each balance location. Balances that do not satisfy specifications are taken out of 
service for replacement or repair. 



Core Laboratories, Inc. Quality Assurance Plan Doc. QAQ00418.ED 
Date: 1/30/96 

Section 14.0 
Revision 10 
Page 1 or 4 

SPECIFIC ROUTINE PROCEDURES TO ASSESS DATA PRECISION AND ACCURACY 

For every batch of samples analyzed, a series of quality control samples are analyzed to assess 
the precision, accuracy and validity of the analysis. These data are reviewed before release of 
the data. All QC data are stored at Core and are useable for determination of method precision 
and accuracy. Core makes every effort to meet or exceed the accuracy and precision data as 
defined within specific methodologies. However, for actual matrices these data may not be 
comparable. If no precision or accuracy requirements are specified within a methodology, Core 
will establish criteria, and maintain the quality control limits for valid method use. 

Accuracy is characterized by the degree of agreement of a measured value to the accepted true 
value. Data comparability is a fundamental underlying assumption to all accuracy assessments. 
Accuracy assessments are used to establish the bias present in the data. Precision is characterized 
by the degree of agreement of a measured value to another measured value. Data comparability 
is a fundamental underlying assumption to all precision assessments. Precision assessments are 
used to establish the control status of a system, such as a sampling process or a measurement 
process. 

Completeness is characterized by the degree of agreement of the quality of a data set to the 
method and/or client specification. Completeness is defined as the percentage of measurements 
made which are judged to be valid measurements. The completeness goal is to generate a 
sufficient amount of valid data based on project needs. Comparability of the quality control data 
model to the experimental data set is a fundamental assumption to all completeness assessments. 
Comparability is a measure of the confidence with which one data set can be compared to another 
data set. Completeness assessments are used to characterize the applicability of the data. 

To estimate accuracy, spiked blank samples and matrix spike sample recoveries are evaluated. 
This allows for the determination of both method and actual sample batch accuracy. Precision 
is measured and monitored in two ways: using range control for duplicate pairs and relative 
percent difference. Core uses the formulas presented in Standard Methods and the USEPA 
Quality Assurance handbooks for calculations of precision and accuracy. 

Accuracy Control 

The objective of the laboratory concerning accuracy is to meet or exceed the accuracy criteria 
specified in an analytical method. Accuracy determinations are performed for each parameter 
according to the specifications of the particular method employed. Accuracy assessments are 
performed by the analysts via a first level data review. The analysts will compare data results to 
the established acceptance criteria. When the criteria is not met additional characterization of the 
data is required according to the requirements of the methodology and as determined by the 
judgement of the analyst in order to establish the accuracy of the data. 

For each type of spiked sample accuracy control charts are developed. Control limits are 
established according to the requirements of the methodology. In the absence of published control 
criteria the limits are calculated. The limits are calculated based on the mean and standard 
deviation of a pooled data set. The data set must contain of no less than seven (7) data results. 
Limits are then calculated. 
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The objective of the laboratory concerning precision is to meet or exceed the criteria specified 
in an analytical methodology. Precision measurements are performed for each parameter 
according to the specifications of the particular method employed. Precision assessments are 
performed by the analysts via a first level data review. The analysts will compare data results to 
the established acceptance criteria. When the criteria is not met then additional characterization 
of the data is required according to the requirements of the methodology and as determined by 
the judgement of the analyst in order to establish the precision of the data. 

For each type of replicate sample and MS/MSD pair, precision control charts are developed. 
An upper control limit is established according to the requirements of methodology. In the 
absence of published control criteria, the limit is established as 20 percent. 

Calculations To Determine Accuracy 

Accuracy is calculated as follows. 

where: 

% Recovery = (X - Tl x 100 
K 

K 
X 
T 

Known addition of the spiked compound 
Analytical result from the spiked sample 
Analytical result from the unspiked aliquot 

Standard deviation (Sp) is used for determining the variation among several recovery samples, 
and establish upper and lower warning and control limits. Standard deviation is calculated as 
follows. 

where: 

Sp = the square root of (X - XY 
(n - 1) 

Sp 
X 
X 
n 

Standard deviation of % Recovery 
Observed value 
Mean or average of all observations 
Number of observations 

Control limits are created to determine the acceptable range of analyte recovery and are used to 
compare actual spike recovery results against. Control limits are calculated as follows. 

UCL =X+ 3 Sp 

LCL =X- 3 Sp 

UWL =X+ 2 Sp 

LWL =X- 2 Sp 
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The precision of duplicate sample pairs is expressed as Relative Percent Difference (RPD) and 
is calculated as follows. 

Relative Percent Difference 

where: 

RPD = I A - B I X 100 
(A+ B)/2 

RPD 
A 
B 

Relative Percent Difference 
Replicate value 1 
Replicate value 2 

Standard deviation can be used to determine variation among several RPD values for duplicate 
pairs and establish statistical limits for duplicate RPD. Standard deviation and control limit 
calculations are shown in the above discussion of accuracy. Range control may also be used. 

Range Control 

where: 

R =A- B 

X= A+ B 
n 

R 
X 
A 
B 
n 

Range of a pair of results 
Average of a pair of results 
Duplicate value 1 
Duplicate value 2 
n = 2 represents a single duplicate pair 

To graphically represent the data of numerous duplicate pairs on control charts, the following 
calculations are performed using statistical numbers. 

= 

X = the sum of X /n 

R = the sum of R /n 
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= 
X 
R 
X 
R 
n 

Grand Mean 
Average Range 
Average of a pair of results 
Range of a pair of results 
n = 2 represents a single duplicate pair 

Control limits for ranges (R - bar chart): 

CL = 3.27 (R) 

WL = R .±. 2/3 (3.27 R - R) 

where: R Average Range 
CL Control Limit 
WL Warning Limit 
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To determine if the proper range control chart is being used for evaluation of a duplicate pair 
of results, the X control chart may be used. 

Control limits for averages (X - bar chart): 

where: 

= 

UCL = X + 1.88 (R) 
= 

LCL = X- 1.88 (R) 
= 

UWL = X + 2/3 (1.88 R) 
= 

LWL = X- 2/3 (1.88 R) 

= 
X Grand Mean 
R Mean Range 
UCL Upper Control Limit 
LCL Lower Control Limit 
UWL Upper Warning Limit 
LWL Lower Warning Limit 

Standard deviation provides the basis for the determination of precision from pooled spiked 
sample accuracy data. This precision determination may be used to establish control limits as 
described in the accuracy discussion above. 

Calculation To Determine Completeness 

The percent completeness obtained for a data set is calculated as follows. 

% Completeness = Number of control parameters that satisfy criteria x 100 
Total number of control parameters 
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Corrective action is defined as those actions necessary to place any operational process or 
analytical system back into its performance specification. It is the objective of the laboratory to 
implement appropriate corrective action when and where necessary in an effective and timely 
manner. 

When a situation or issue is identified that requires a corrective action, it is investigated and 
evaluated using processes that address the requirements for the specific nonconformance found. 
In a case where there is a lack of existing requirements that may be applied, identification of the 
requirements is included in the corrective action plan. 

The corrective action is identified and documented through one of several internal report 
processes. The Investigation/Correction Log, Figure 13.1, is utilized for internal and external 
issues, client and agency inquiries, performance and systems audits, and other non-routine 
occurrences, findings or recognized needs. A Routine Corrective Action Log, Figure 13.2, is 
produced for every batch of analytical samples and used by the technical staff prior to reporting 
sample data. The form is used to document routine analytical problems and return-to-control 
following corrective action activities described in the methods and Core SOPs. 

In the event that any corrective actions are needed because the data quality is in question above 
and beyond those actions stipulated in the analytical methods, the client will be contacted by 
Core to discuss the problem. 

Corrective actions are initiated at all operational levels within the laboratory, involving analysts, 
their management, and the quality assurance group in both formal and informal procedures. 
Analysts are responsible for taking routine informal corrective actions described in the methods. 
Corrective actions are also initiated externally through project management personnel in local, 
state, or federal agencies and private sector clients. In each case, after an assessment of the issue, 
appropriate steps are taken to correct the situation and prevent it from occurring again. 

Depending on the severity, corrective actions may be taken at the analyst level, department level, 
or within the entire laboratory. Core recognizes the importance of corrective action to maintain 
a high quality program. In this light, data are reviewed for completeness, accuracy, precision and 
compliance with analytical method quality control and project specifications during the data 
generation and reporting process. 

Specific corrective action responses are performed for quality assurance/quality control 
deficiencies; many are pre-defined in the analytical protocol used for the samples. In general, 
there are three major types of corrective actions which are initiated at Core. 

To correct sample problems: Individual samples or matrix problems are usually handled within 
the analytical laboratory. Corrective actions may include repreparation and re-analysis, clean-ups, 
dilutions or matrix modifications. All actions taken are documented with the analytical results. 
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A typical example is when organic surrogate compound recoveries are outside of the acceptance limits; if no calculation or other problems are found, the sample is routinely reprepared/reanalyzed to verify matrix effects. Every effort is made to meet sample hold times. 

To correct sample batch problems: An entire batch of samples may require corrective action if quality control criteria are not met. Laboratory managers are involved in the decisions for actions which may include re-analysis, re-extraction, etc. The quality assurance staff may review both sets of data as applicable to determine if the problems have been resolved. 

A typical example is when method blank contanrination occurs; if analytes are confirmed present at unacceptable levels, the batch is routinely reprepared/reanalyzed after the source of contamination has been identified and eliminated. Every effort is made to meet sample hold times. 

To correct svstematic problems: Those problems of a procedural nature are handled by the laboratory managers and quality assurance group. Major operational changes are made only after approval by appropriate Core management. 

Systematic problems are identified as repetitive in nature or involving a number of samples or batches. Procedures involving analyst technique or training, or use of defective equipment or materials are identified and corrected. 
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An objective of the Core quality assurance program is to ensure that an operational system is in 
place which enables management to determine the quality level of all data produced within the 
laboratory system. An essential component of the system is the communication pathways and 
feedback mechanisms which insure that management obtains quality information promptly and 
consistently. To achieve this objective, Core employs informal and formal reporting processes to 
ensure that management is informed of operational quality. This information enables Core to 
take corrective action promptly when required. Reporting occurs at the following frequency: 

o Daily meetings to discuss possible quality assurance problems and proposed solutions. 

o Minimum weekly meeting with upper management to discuss laboratory performance, upcoming 
audits, certification, and past audit performance. 

o Monthly written reports to the Quality Assurance Director, Core Laboratories, Inc_ to provide 
detailed information on specific quality and laboratory issues. Copies are to be submitted to 
the Laboratory Manager, Regional Manager and Division Vice President, as well. 

o As required for audits, written reports with observations and suggested corrective action 
procedures. 



APPENDIX

FIGURES AND TABLES 



United States 

Califomia 
Anaheim 
1250 E. Gene Autry Way 
Anaheim, CA 92805 

Phone: (714)937-1094 
Fax: (714)937-1170 

Long Beach 
3700 Chenry Avenue 
Long Beach, CA 90807 

Phone: (31 0)595-8401 
Fax: (310)427-5174 

Colorado 
Aurora 
10703 East Bethany Drive 
Aurora, CO 80014 

Phone: (303)751-1780 
Fax: (303)751-1784 

Florida 

Tampa 
5460 Beaumont Center Blvd. 
Tampa, FL 33634 

Phone: (813)884-8268 
Fax: (813)885-4938 

Indiana 
Indianapolis 
7726 Meller Road 
Indianapolis, IN 46268 

Phone: (317)875-5894 
Fax: (317)872-6189 

International 

Canada 
Calgary 
1540 25th Avenue, N.E. 
Calgary T2E 7R2 

Phone: (403)250-4000 
Fax: (403)250-5120 

Indonesia 

Jakarta 
Bldg. 303, Cilandak Commercial Estate 
Jalan Cilandak KXO. 
Jakarta, Selalan, Indonesia 12560 

Phone: (62-21)780-1533 
Fax: (62-21)780-2042 

Figure 1.1 

ENVIRONMENTAL & PETROLEUM TESTING SERVICES 

LOCATIONS DIRECTORY 

Indiana (coni) 

Valparaiso 
2400 Cumberland Drive 
Valparaiso, IN 46383 

Phone: (219)464-2389 
Fax: (219)462-2953 

Louisiana 
Lafayette (Sales Office) 
111 Rue Jean Lafitte, Suite 1 03-B 
Lafayette, LA 70508 

Phone: (318)235-9431 
Fax: (318)237-7053 

Lake Charles 
3645 Beglis Parkway 
Sulphur, LA 70663 

Phone: (318)583-4926 
Fax: (318)583-4929 

New Jersey 
Edison 
284 Raritan Center Parkway 
Edison, NJ 08837 

Phone: (908)225-6700 
Fax: (908)225-6777 

Texas 
Carrollton (Sales Office) 
1875 Monetary Drive 
Carrollton, TX 75006 

Phone: (214)466-2673 
Fax: (214)323-3930 

Malaysia 
Kuala Lumpur 
No. 17, Jalan U1/23, Section U1 
HICOM, Glenmarie Industrial Park 
Shah Alam, Selangor Danul Ehsan 
Malaysia 40000 

Phone: (60-3)705-1188 
Fax: (60-3)705-2288 

Scotland 

Aberdeen 
Kirkhill Industrial Estate 
Howe Moss Drive 
Dyce, Aberdeen, Scotland AB2 OES 

Phone: (44-1224)723303 
Fax: (44-1224)770168 

aProviding Solutions for the Future~ 

Texas (coni) 
Corpus Christi 
1733 North Padre Island Drive 
Corpus Christi, TX 78408 

Phone: (512)289-2673 
Fax: (512)289-2471 

Houston (Corporate Office) 
5295 Hollister Road 
Houston, TX 77040 

Phone: (713)460-9600 
Fax: (713)690-3947 

Houston (Petroleum) 
821 0 Mosley Road 
Houston, TX 77075 

Phone: (713)943-9776 
Fax: (713)943-3846 

Houston (Environmental) 
631 0 Roth way Drive 
Houston, TX 77040 

Phone: (713)690-4444 
Fax: (713)690-5646 

San Antonio (Sales Office) 
510 E. Ramsey, Suite 2 
San Antonio, TX 78216 

Phone: (210)344-9751 
Fax: (210)344-6485 

Wyoming 
Casper 
420 West First Street 
Casper, WY 82601 

Phone: (307)235-5741 
Fax: (307)266-1676 

Venezuela 
Maracaibo 
Cal!e 25, Carretera Via el Mojan 
Parcelamiento Buena Vista 
Apartado 116, Maracaibo 
Estado Zulia, Venezuela 

Phone: (58-61)415020 
Fax: (58-61)910611 

January ~ 996 
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Figure 4.2 

This Quality Assurance Plan (QAP) is document controlled. The figure in place at the time 
of approval and a current chart are included in order to provide updated laboratory information. 



I 
Laboratory Operations 

H Michael Shepsko, Supv. 
Organics, Sarrple Prep. 

H Sonia Cordova, Supv. 
Organics, Analytical 

H Robert Royce, Supv. 
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Figure 43 Project Organization - Core Personnel 

Title Name 
Account Executive 
Project Manager 
Laboratory Manager 
Quality Assurance Officer 

• 
• 

Stephen R. Grant 
Karen M. Stearns 

• Personnel are named in project-specific quality assurance plans. 



Table 5.1 Core Matrix Spike Percent Recovery Limits 

Fraction Parameter Water Soil 

Volatile Organics by GC/MS 

VOA 1,1-Dichloroethene 61-145 59-172 
VOA Trichloroethene 71-120 62-137 
VOA Chlorobenzene 75-130 60-133 
VOA Toluene 76-125 59·139 
VOA Benzene 76-127 66-142 

Extractable Organics by GC/MS 

BN 1,2,4-Trichlorobenzene 39-98 38-107 
BN Acenaphthene 46-118 31-137 
BN 2,4-Dinitrotoluene 24-% 28-89 
BN Pyrene 26-127 35-142 
BN N-Nitroso-Di·n·Propylamine 41-116 41-126 
BN 1,4-Dichlorobenzene 36-97 28-104 

Acid Pentachlorophenol 09-103 17-109 
Acid Phenol 12-110 26-90 
Acid 2-Chlorophenol 27-123 25-102 
Acid 4-Chloro-3-Methylphenol 23-97 26-103 
Acid 4-Nitrophenol 10-80 11-114 

PCDX Polychlorinated Dibenzo-p- 60-150 60-150 
Dioxins/Furans 

Extractable Organics by GC 

Pest Lindane 56-123 46-127 
Pest Heptachlor 40-131 35-130 
Pest Aldrin 40-120 34-132 
Pest Dieldrin 52-126 31-134 
Pest Endrin 56-121 42-139 
Pest 4,4'-DDT 38-127 23-134 

Inorganics 
Metals 75-125 75-125 
Wet Chemistries 75-125 75-125 

These are US EPA CLP advisory limits, with the exception of PCDX and the wet chemistries. 

Matrcx spike recoveries may be highly affected by the nature of the sample spiked. Mild to severe matrix interferences 
are frequently encountered with environmental samples; therefore, recoveries outside of the limits may simply 
demonstrate the effect of the matrix on analyte recovery given the limitations of the methods performed. 

Limits are not solely used to determine if a sample should be reanalyzed; matrix spike recovery contributes to the overall 
quality control assessment of analytical data and any subsequent corrective actions taken by the laboratory as a result of 
its evaluation. 



Table 5.2 Core Duplicate Relative Percent DifTerence (RPD) Limits 

Fraction Parameter Water Soil 

Volatile Organics by GC/MS 

VOA 1,1-Dichloroethene 14 22 
VOA Trichloroethene 14 24 
VOA Chlorobenzene 13 21 
VOA Toluene 13 21 
VOA Benzene 11 21 

Extractable Organics by GC/MS 

BN 1,2,4-Trichlorobenzene 28 23 
BN Acenaphthene 31 19 
BN 2,4-Dinitrotoluene 38 47 
BN Pyrene 31 36 
BN N-Nitroso-Di-n-Propylamine 38 38 
BN 1,4-Dichlorobenzene 28 27 

Acid Pentachlorophenol 50 47 
Acid Phenol 42 35 
Acid 2-Chlorophenol 40 50 
Acid 4-Chloro-3-Methylphenol 42 33 
Acid 4-Nitrophenol 50 50 

PCDX Polychlorinated Dibenzo-p- 50 50 
Dioxin.s/Furans 

Extractable Organics bv GC 

Pest Lindane 15 50 
Pest Heptachlor 20 31 
Pest Aldrin 22 43 
Pest Dieldrin 18 38 
Pest Endrin 21 45 
Pest 4,4'-DDT 27 50 

Inorganics 
Metals (a) 20 20 
Cyanides (a) 20 20 
Wet Chemistries (b) 25 25 

These are US EPA CLP RPD advisory limits, with the exception of PCDX and the wet chemistries. 

The RPD of duplicated environmental samples may be highly affected by the nature of the sample matrix. Mild to severe 
heterogeneity is frequently encountered within a sample; this may result in variable matrix interferences or concentrations 
of analytes inherently present. Therefore, elevated RPDs may simply demonstrate the effect of the matrix on precision 
given the limitations of the methods performed. 

Limits are not solely used to determine if a sample should be reanalyzed; the RPD contributes to the overall quality 
control assessment of analytical data and any subsequent corrective actions taken by the laboratory as a result of its 
evaluation. 

Footnotes: 
(a) 
(b) 

+/- CRDL WHEN <5X CRDL; +/-20% WHEN >5X CRDL 
+/-50% WHEN <5X MDL;+/- 25% WHEN >SX MDL 



Table 53 Core Surrogate/System Monitoring Compound (SMC) Recovery Limits 

Fraction Surrogate/SMC Compound Water Low/Med Soil 

SW846. 600s. 2/88 CLP 

Volatile Toluene-d8 88-110 81-117 
(GC/MS) 4-Bromofluorobenzene 86-115 74-121 

1,2-Dichloroethane-d4 76-114 70-121 

Volatile 1,4-Dichlorobutane 80-120 80-120 
(GC-VHC) 

Volatile a, a, a-Trifl uorotol uene 80-120 80-120 
(GC-VAr) 

Acid Phenol-d
5 10-94 24-113 

(GC/MS) 2-Fluorophenol 21-100 25-121 
2,4,6-Tribromophenol 10-123 19-122 

Base/Neutral Nitrobenzene-d5 35-114 23-120 
(GC/MS) 2-Fluorobiphenyl 43-116 30-115 

Terphenyl-d 14 33-141 18-137 

PestfPCB Dibutylchlorendate 24-154 (a) 20-150 (a) 
(GC-ECD) Tetrachloro-m-xylene 46-185 34-160 

Pesticide Ethyl-p-nitrophenyl- 24-154 20-150 
(GC-FPD) benzenethiophosphonate 

Herbicide Dicamba 03-143 03-143 
(GC-ECD) 

PCDX 13C-isomers (b) 10-120 10-120 
(GC/MS) 

3/90 CLP OLM01 

Volatile Toluene-d8 88-110 84-138 
(GC/MS) 4-Bromofluorobenzene 86-115 59-113 

1,2-Dichloroethane-d4 76-114 70-121 

Acid Phenol-d5 10-110 24-113 
(GC/MS) 2-Fluorophenol 21-110 25-121 

2,4,6-Tribromophenol 10-123 19-122 
2-Chlorophenol-d4 33-110 (a) 20-130 (a) 

Base/Neutral Nitrobenzene-d5 35-114 23-120 
(GC/MS) 2- Fluorobiphenyl 43-116 30-115 

Terphenyl-d 
4 33-141 18-137 

1,2-Dichlorobenzene-d4 16-110 (a) 20-130 (a) 

Pesticides Decachlorobiphenyl 60-150 (a) 60-150 (a) 
(GC) T etrachloro-m-xylene 60-150 (a) 60-150 (a) 

Footnotes: 
(a) Advisory limits; not solely used to determine if a sample should be reanalyzed. 
(b) Internal Standards (IS) are added at preparation for Polychlorinated Dibenzo-p-Dioxins and Polychlorinated Dibenzofurans (PCDX). The recovery standard is added at analysis to quantitate IS concentration and determine % recoveries. The IS compounds are included as functional surrogate compounds for the method performed. 



Table 6.1 Containers, Holding Times and Preservatives 

Parameter Container (a) Holding Time (b) Preservative (c) 

Wet Chemista, Standard Analxses 

Total Organic Carbon 1 x 125 ml, g 28 days H,SO 4, pH < 2; 
(TO C) Cool, 4° C 

Total Organic Halides 1 X 500 ml; or 28 days H2S04, pH < 2; 
(TOX; dupljquadruplicate) 2x500 ml, g (d) NaS03 

Chemical Oxygen Demand 1x125ml,g 28 days H2SO4, pH < 2; 
(COD) Cool, 4° C 

Total Petroleum 1x1L,g 28 days H 2S04, pH < 2; 
Hydrocarbons Cool, 4° C 

Cyanide, Total 1 x 125 ml; or 14 days NaOH, pH > 12; 
(in-line/manual distillation) 1x1L,g Cool, 4° C 

Phenolics, Total 1 x 125 ml; or 28 days H
2
S04, pH < 2; 

(in-line/manual distillation) 1 x 500 ml, g Cool, 4° C 

Sulfate 1 x 125 ml, g 28 days Cool, 4° C 

Chloride 1 x 125 ml, g 28 days Cool, 4° C 

Nitrate as N 1 x 125 ml, g 28 days H
2
S04, pH < 2; 

Cool, 4° C 

Nitrite as N 1 x 125 ml, g 28 days H 2S04, pH < 2; 
Cool, 4° C 

Fluoride 1 x 125 ml, g 28 days Cool, 4° C 

Specific Conductance 1 x 500 m~ g 28 days Cool, 4° C 

Total Solids 1 x 500 ml, g 7 days Cool, 4° C 

Total Dissolved Solids 1 x 500 ml, g 7 days Cool, 4° C 

Total Suspended Solids 1 x 500 ml, g 7 days Cool, 4° C 

Sulfide 2x 125 ml, g (d) 7 days Zn acetate & NaOH, 
pH > 9; Cool, 4° C 

lnorganics, Standard Analxses 

Metals, except Mercury 1 x 1 L, p or g 6 months HN03, pH< 2; 
Cool, 4° C 

Mercury 1x1L,g 28 days (e) HN03,J'H < 2; 
Cool, 4 C 

Organics. Standard Analvses 

Volatiles, purge & trap 3x40m~g(d) 14 days (t) HCl, pH< 2; 
(GC/MS) Cool, 4° C 

Volatiles, heated purge 3 x 40 ml, g (d) 14 days (t) HCl, pH< 2; 
& trap (GC/MS) Cool, 4° C 



Table 6.1 Continued 

Parameter Container (a) Holding Time (b) Presenrative (c) 

Purgeable Aromatics 3 x 40 ml, g (d) 14 days (f) HCl, pH< 2; 
(GC) Cool, 4° C 

Purgeable Halocarbons 3 x 40 ml, g (d) 14 days Cool, 4° C (m) 
(GC) 

Semivolatiles, 2 x 1 L, g 7/14 days (prep); Cool, 4° C 
Acid/base/neutral (GC/MS) 40 days (analysis)(g) 

Pesticides and/ or 2x1L,g 7/14 days (prep); Cool, 4° C 
Aroclors (GC, GC/MS) 40 days (analysis)(g) 

Herbicides 2x1L,g 7/14 days (prep); Cool, 4° C 
(GC) 40 days (analysis)(g) 

Polychlorinated Dibeozo-p- 2 x 1 L, g (water) 7 days (prep); Cool, 4° C 
Dioxins/Furans (GC/MS) 40 days (analysis)(g) 

1 x 500 ml, g (soil) 30 days (prep); 
45 days (analysis) 

Polynuclear Aromatic 2x1L,g 7/14 days (prep); Cool, 4° C 
Hydrocarbons (HPLC) 40 days (analysis)(g) 

To.xicitv Characteristic Leaching Procedure (k) 
Preparation of the TCLP Extract 

Volatiles 1 x 125 ml, g (d) 14 days Cool, 4° C (h) 

Semi-volatiles 1 X 1L, g 14 days Cool, 4° C (h) 

t-.·1etals, except Mercury 1 x 1L, p or g 180 days Cool, 4° C (h) 

Mercury 1 x 1L, p or g 28 days Cool, 4° C (h) 

Toxicity Characteristic Constituents 
Analysis of the TCLP Extract 

Volatiles, purge & trap 3 x 40 ml, g (d) 14 days (i) HCl, pH< 2; 
Cool, 4° C 

Semi-volatiles, 2 x 1 L, g (d) 7 days (prep)(i) Cool, 4° C 
Acid/base/neutral, pesticides 40 days (analysis)(g) 

Semi-volatiles, 2 x 1 L, g (d) 7 days (prep)(i) Cool, 4° C 
Herbicides 40 days (analysis)(g) 

Metals, except Mercury 1x1L,p 180 days (i)(j) HN03, pH < 2 (j) 

Mercury 1 x 1 L, g 28 days (i) (j) HN03 , pH < 2 (j) 

U.S. EPA CLP Parameters Cll 

Volatile Organics 3 x 40 ml; g (d) 10 days HCl, pH< 2; 
Cool, 4° C 

Sernivolatile 2 x 1 L; g 5/10 days (prep); Cool, 4° C 
Organics (BNA) 40 days (analysis)(g) 



Parameter 

Semivolatile 
Organics (Pest/PCB) 

Metals 
(except Mercury) 

Mercury 

Cyanide, Total 

Notes: g = glass; p = plastic 

Sulfide is a subcontract parameter. 

Table 6.1 Continued 

Container (a) Holding Time (b) 

2 x 1 L; g 5/10 days (prep); 
40 days (analysis)(g) 

1 X 1 L; p 6 months 

1 x 1 L; p 26 days 

1x1L,g 12 days 

Presenrative (c) 

Cool, 4° C 

HN03,J'H < 2; 
Cool, 4 C 

NaOH, pH > 12; 
Cool, 4° C 

Source: 40 CFR Part 136 Table II; SW-846 3rd Edition; U.S. EPA CLP Statements of Work. 

Footnotes: 

(a) Minimum volume requirements for aqueous samples are listed for extractable organic parameters by GC and GC/MS methods. An additional two (2) liters are required for matrix spike and matrix spike duplicate preparation for each analytical method when the sample is utilized for QC purposes. 

Lesser sample amounts may be required for soil/sediment samples. 

(b) Hold time from date of sampling unless otherwise noted; Aqueous/Non-aqueous where applicable. 
(c) Chemical preservation is not applicable to non-aqueous matrices. Premeasured amounts of prcservJ.tives are supplied in small ampules attached to the proper bottles for water matrices. 

(d) Filled v.ith minimal headspace to prevent analyte loss. 

(c) For SW846 Update I, 13 days if container is plastic. 

(f) If pH > 2, hold time is shortened to 7 days. 

(g) Hold time from date of preparative extraction. 

(h) No chemical preservatives should be added to samples prior to TCLP extraction; samples may be cooled as indicated unless refrigeration results in irreversible physical changes to the sample. The laboratory should be informed if precipitation occurs so that the entire sample, including the precipitate, may be extracted. 

(i) Hold time from completion date of TCLP extract preparation. 

(j) If precipitation is observed upon addition of nitric acid to a small aliquot of the TCLP extract, the remaining portion will not be acidified and the extract will be analyzed as soon as possible. 

(k) Minimum estimated volume requirements for the intact sample are listed for the leaching procedure. Additional sample may be required depending on the physical nature of the sample and/or matrix spike preparation. Should this be the case, the laboratory will contact the client immediately for resolution. The laboratory will send extra bottles for the initial sampling event if there is reason to believe or concern that the volumes stated will not satisfy the mass (weight) requirements of the method. 

(I) Hold time from verified time of sample receipt (VTSR) at the laboratory. 

(m) May be acidified to pH < 2 with HCl; laboratory can provide nonacidified bottles upon client request. 



Figure 6.1 Sample Shuttle TM 

The Sample Shuttle ™ is a uniquely engineered and patented shipping container that has been designed to meet and 
exceed US EPA and State protocols for shipping, chemical and thermal preservation of analytical samples_ Tile container 
can be locked and sealed to ensure sample integrity during both transport and sampling. 

Diagram of Shuttle & Example Bottle Configuration 

Exterior 

•••••••••••••• 
~~~=~=,.--. 

Features Include: 

Interior- Cross Section 
Example Configur.1tion 

• • 
A convenient suitcase shape for ease of transportation to and from sampling 
locations; 

A rugged waterproof outer container that withstands varying field conditions; 

Polyurethane foam insulation for dependable thermal performance; 

Chain of Custody locks and numbered seals preserve sample integrity; 

Customized coolant to sustain required EPA temperature controls; 

Chain of Custody and Field Parameter forms to document sampling event; 

Polyethylene modular sleeve designed to prevent bottle breakage during shipment; 

Pre-labeled, pre-configured bottles specific for each sampling event; 

Pre-measured preservatives are attached to bottles with color coded 
instructions to ensure proper protocols are followed; and 

Return shipping labels and custody seals to provide rapid correct return of 
samples to the Jab. 



Figure 6.1 continued 

Sample Shuttle Instructions 
Please Read Carefully Before Sampling 

1. Freeze the ice packs at least 24 hours before sampling if the ice packs are requested from the laboratory 
in their unfrozen state. 

2. Break the black seal on the shuttle hasp. Open the shuttle and remove the plastic bag which contains: 
Chain-of-Custody form, Field Information form, return shipping label, clear blank shuttle seals (for 
temporary custody), one black numbered shuttle seal (for resealing the shuttle after sampling). 

3. Examine the Chain-of-Custody and Field Information forms carefully. These must be filled out and 
returned for aCcurate processing of the samples. Note any relevant information on the forms. Please 
call the Core Project Manager with any questions. 

4. Unpack the bottles and frozen/unfrozen ice packs. Note the order of packing. The shuttle should be 
repacked exactly as received. This prevents bottle breakage and/or sample freezing from occurring. 

G 

•••••••••••••• F A) 1 L Plastic Bottle 

~ ~,... c;:::::;J ,... c;:::::;J I 

A B lG • • 
B) 1 L Amber Glass Bottle 
C) 125 ml Amber Glass Bottle 
D) 500 ml Plastic Bottle 

c E) 500 ml Amber Glass Bottle 
F) 40 ml Glass Vial 
G) Icc Packs 

G 

Example Configuration 

5. Each bottle is labeled with a Core sample number (ie., GFKG46) and the analysis to be performed (ie., 
TOC, VOA). Match the type of analysis and quantity of bottles against the Chain-of-Custody form. 
Be sure that all bottles used for a single sample point have the same Core number. Chemical 
preservative solutions are in ampules altached to the bottles that v.ill require chemical preservation. 

6. After sampling and repacking the shuttle, place all completed forms into the plastic bag and place the 
bag into the shuttle; close the lid. 

7. Apply the return shipping label on the outside of the shuttle. 

8. loser! the black custody seal through one of the outside shuttle latches and lock it. 

9. When Emergency or Express analysis has been requested or is found to be needed, please call the 
Core Project Manager and give the following shipping information: a) Carrier, b) Airbill number, c) 
Arrival Date, and d) Number of shuttles. 

10. When anticipated sampling or send dates change, please call the Core Project Manager so that the 
laboratory can most accurately schedule for the samples. 

Sampling Notes 

For TOX and VOA samples, fill the bottle leaving no 
headspace (no air bubbles). 

Add the ampulated acid preservative solutions to the bottles 
after sampling. 

Indicate on the Chain-of-Custody form whether the sample has been filtered. 
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CHAIN OF CUSTODY R ;oRo 
E ORATORIES. IN 1'4U oc:uuc: 

CUSTOMER INFORMATION PROJECT INFORMATION 8 COMPANY PROJECT NAMEJNUMBER ~ en 
~J... SEND REPORT TO ex: 

BILLING INFORMATION w ,tfJ z 
A00RHI!) BILL TO ~ ~& z .:._0/.tj 

ADDRESS 0 ...,Q:' u 

~"' LAB JOB NO. u_ 
0 "' I ex: 

I w PHONE PHONE tD 
::;; 
:::> FAX FAX POND z 

SAMf'lf 00. SAivi'LE. DESCRIPTION SArvf'LE SM'PLE SAMPLE 
OONTAINER PRESERV. I REMARKS I PRECAUTIONS DATE TIME MATRIX 

SAMPLER 

REQUIRED TURNAROUND-. 

~~OUISHEO BY 
SIGNA lURE 

PRIIHED NAME/COMPANY 

1 RECEIVED BY 
SIGNATURE 

PRINTED NAMEJCOf.IPANY 

0 Ar.Oih.!m, CA. 

~t!.,~~~ Way 
(71~) 931-1~ Fu (71•) ~7-1170 

o~~,.,,n:~ 
fiw810fl~r70T5 
(11J) li-43-Untl F._. (113) ~ 

SHIPMENT METHOD 

! : SAME DAY : 2~ HOURS ) ) ~B HOURS 72 HOURS 5 DAYS 

DATE ~UISHEJJBY 
SIGNATURE 

0 """'"-,CO 
1~10:1 E ~O<Mt 
""~"'~-co !!0(11~ 

TIME 

DATE 

TIME 

[JOJJ 7~ 1-111!10 Fu (JOJ) 1"51-1 7M 

0 ~polho.IH 
n"lfl ""'""' Rooo<~ 
~1.1N•-112M 
(317) 81!.-~ Fu (317)8n~189 

PRINTED NAMErCOMPANY 

2 RECEIVED BY 
SIGNATURE 

PRINTED NAME.ICQI.~PANY 

0 c-p-.WY 
~20W h•l Str~ 
Ca'P<"". W1' ~}1!01 
(lOT) 2~ ~r.1 Fo pol) <-&'1-1~7~ 

0 Ul<o Cturlot., L.l. 

~~'7't;~Y 
(JI~JMJ-•mF~>< (J1SJ ~.un 

ORiGINAl_ 

10 DAYS ROUTINE 

DATE 

TIME 

DATE 

TIME 

0 C"'J>Uo Chrlo11. T)( 
t 13J 'I P..rl•e lol~nd Dtivo 
Corpu• OIM!I_ TX JS•O!I 
(512) 299-2673 F•ul~12) 2!1Q-2HI 

0 L,.,g l'lo-eh. CA 
JTOO Ch..rry Ave<><>e 
l.onQ !»<.-.ch. CA ~7 

OTHER 

(310) ~~-1Wl1 F.._. (310) •27-S1U 

AIRBILL NO 

J RELINQUISHED BY 
SIGNATURE 

PRINTED NAME/COMPANY 

3. RECEIVED BY 
SIGNATURE 

PRINTED NAME/COMPANY 

0 Ed1oo-n. NJ 
2!14 Ao•rtM Coon!..- P&ri<-....y
Ed•VW"I. NJ 00637 
(90!1)2~ ~700 Fu (908) 215~777 

0 hmpi..FL 
~00 B""umon! c..--.tto- 8t.-d 
Tamp11. n J.J6J-ol 
(~IJ)M-t-!U-11 Fu (813) &M_.~ 

DATE 

TIME 

DATE 

I 

TIME 

0 Houol-on. TX (!':rr.--j 

~~~~-~~.Po%0 
(71 J) 690--U-« F..., (713) ~90·5&1~ 

0 V•lpeBIIO. IH 
2•00 Cumb..-land IJrtve 
Vl'iJ>ftfaioo. IN -1-6.:"\ll-J 
(2111J•e-o!-2Jall Fu (2111)4a2-2953 



f~I~l.l' .l Figure 7.1 Seal No PACE Job# " .UArdCHA!N OF CUSTODY FORM (CC1) . ---- -----
·~~.,.o .. ·u-~ .... , ... ouro~~s Date Sealed---------By:---------

Company: ______________________ _ 
At ln.:----------------

Facility/Site:-----------------------
Phone: _______________ _ 

Address: ------------------------

SAMPLE IDENTIFICATION 

Facility: 

Sample Point: U-LI __L_L_L-':--'--'_jc_L_L...J 
Sautee Code Your S;~mple Porn! ID 
(hom b<!low) (lell )Usloly) 

Source CO<Ies: 

StoHl Date 
(YYIMMIDOI 

IOPltOnal Sample Poonl Descrtploon~) 

SUr! Tome 

12~00 hr clock) 

EIHlSe<l Hours 

(compos• lei 

Well . ('N) Outlall ....... (0) Bottom Sed1ment .... (8) Surlace Impoundment. . . {I) Leachate Collection Sys.. . (C) Other 
Soli (S) Rrver/Siream iRl General Ton Point . . (G) Treatment FaCility (n Lake10Cean ill Speedy 

SHUTTLE CONTENTS 
BOTILE SAMPLER LAB 

No Type Size Preserv. ANALYSIS 
Fill. (YIN) Observations Observations 

for 

1. 

2. 

3. 

4. 

nes, 
borato 

core J.,a 
I) e . 

'n' s 
rntert 

Shuttle Opened By: (print) 

Signature: 

JnC·· 

)996 
Janu0'1• 

J erse'Y • 
N<"' j;;di.lon, 

CHAIN OF CUSTODY CHRONICLE 
Date: 

1 Seal#: 

I have received these materials in good condition from the above person. 
Name: Signature: 

Date: Time: Remarks: 

1 have received these materials in good condition from the above person. 
Name: 

Date: 

Shuttle Sealed By: (print) 

Signature: 

Time: 

Signature: 

Remarks: 

Dale: 

Seal#: 

LAB USE ONLY Opened By:----------------- Date: 

Time: 

Intact: 

Time: 

Intact: 

Time: 

(Xi 

SHUTILE# -------TEMP. "C -------SEAL# ________ COND. ----------



fW:i;j 
ENVIRONMENTAL LABORATORIES 

Client 

Address 

Phone 

Sampled By (PRINT): 

2 

' 9')6 
. ,r w ]erse"J- JanuarY• 1 

. I Edrson. "e 
Laboratortes. nc., 

for Interitn Vse - care 

3 

4 

5 

6 

7 

8 

Additional Comments 

ORIGINAL 

Report To: 

Bill To: 

P.O. Ill Billinq Reference 

Project Namo I No. 

27 ''1.28 

CHAIN-OF-CUSTODY RECORD 
Analytical Request 

Pace Client No. 

Pace Project Manager 

Pace Project No. 

"Requested Due Date: 

.. 

Figure 7.2 SEE REVERSE SIDE FOR INSTRUCTIONS 



t'igure 7 .J 
FIELD PARAMETER FORM (CC2) 

• "rl' 
ENVIRONMENTAl LABORATORIES 

PACE JOB# 

Sample Point u I 
Source CO(le 

FIELD PROCEDURES 

I I I I I I I I I I I I I I I I I I I I I I PURGE DATE STAAT PURGE ELAPSED HAS WATER VOL IN CASING (YY MM 00) 12400 Hr Clock) (Gallons) 

SAMPLING METHOD: 

u A-Submersible Pump D-Oipper/Bottle 
Sampler Type S-ISCO E-Bailer X-Other C-Biadder Pump F-Scoop/Shovel 

Sampler Material U A-Teflon C-PVC 
8-Metal 0-Piastic X-Other 

Tubing Material u A-Teflon C-i=lolyethylene 
B-Tygon 0-Silicon X-Othet 

Sample Com posited ~ 
Procedure/P roport oons 

FIELD MEASUREMENTS 

Well Elevation (ftlmsl) I I I I ~ I I Well Depth (ft) 

I 

Form 0002 
Sample Management 

10/94 

I I I I I I I I I 
Sample Po•n! 1.0, 

I I I I I I 
VOLUME P1.,JAGED 

(Gil lions) 

(SPECIFY OTHER) 

(SPECIFY OTHER) 

(SPECIFY OTHER) 

I I I l I I 
Depth to Ground water (ft) I I I I ~ I I Sample Depth (non-well) (ft) I I I l I I 
Groundwater Elevation (ft msl) I I I I l I I 

• I I I I I (STO) I I I I I I urn/em I I I I I I I I LJ 1st at 25' C 
ph ·~- cood. (oiMr pan meter) nlue units 

2nd I I I I I (STD) I I I I I I umlcm L I I I I I I I LJ 2nd at 25'C 
po 'P"'C· eond, (oth<lr p•rameter) ulu. unit• 

3rd I I I I I (STO) I I I I I I urn/em I I I I I I I I LJ 3rd at 25 ·c 
po ·~ cood. (ott...r parameter) ••lue unlt1 

4th I I I I I (STO) I I I I I I urn/em I I I I I I I I LJ 4th at 25 ·c 
po IP'O'C. cond. (Other parameter) •alue un/11 

I I I I I ("C) I I I I I I NTU 
Sample Tamp Turbidity 

FIELD COMMENTS 
Sample Appearance: 

Weather Conditions: 

Other: _ J artUar)'> )996 
- Edison, New JerSey 

C LaboraJones, Inc, 
· Use - ore For [ntenm 

FILTERING: Use Chain of Custody (CC1) to indicate which bottles were filtered 

Sampler: Employer: 
(Pr1n() 

, v~rtify that sampling procedures were in accordance with applicable EPA state and corporate protocols. 

(Dale) (S,~nalure) 

ORIGINAL 



Figure 7.4 

CORE Laboratories 

CHAIN OF CUSTODY 

COMPANY: 

ADDRESS: 

ATIN: 

SAMPLE DESCRIPTION: 

SAMPLING 

CUSTOMER ID DESCRIPTION DATE LAB ID 

Sample(s) relinquished by: __________________ Date: ___ Time: 

Sample(s) received by: Date: Time: 

Jttle #: ----------- Seal Number:--------- Temp: ___ _ 

CORE Laboratories ·1/J/96. Rev. 2 



Figure 7.5 

CORE LABORATORIES 

SAMPLE RECEIPT CHECKLIST 
LOGLINK: CLIENT: 
DATE REC'D" DATE SAMPLED: 
PROJECT: 

SAMPLE MANAGER: 

AIRBILL/# CONTAINERS CORRECT 

CORE JOB ~UMBERS PRESENT 1-

I I 
_I __ 

CUSTODY SEALS INTACT 

SAMPLE TEMP. 2-6 DEG. C. r I I I 
SAMPLED WITHIN 24 HRS. OF RECEIPT I I I 
SAMPLES PRESERVED PROPERLY 

NO HEAD SPACE IYOA, TOX) 

SAMPLE BOTTLES INTACT 

PROJECT MANAGER: ' N/A ' YES NO COMMENTS/RESOLUTION 
CHAIN OF CUSTODY FILLED OUT PROPERLY I 

CHAIN OF CUSTODY MATCHES SAMPLES I I 
SAMPLES MATCH ORDER --~ J 
PROPER BOTILES AND VOLUMES 

TPM REVIEW: 

CUE NT CONTACT: DATE: 

OTHER NOTES/COMMENTS: 

SMCHKLST.XLS 1/9/96 12:25 PM 



Laboratory 
SampleNumber 

Figure 7.6 

CORE/New Jersey Laboratory 
LOGIN CHAIN OF CUSTODY REPORT (ln01) 

Jan 30 1996, 02:35 pm 

Login Number: LBMC6 
Receive Date Range: 30-JAN-96 thru 30-JAN-96 

Account: A-150 PACE/NJ QA 
Project: HCLMONITOR HCL MONITORING 

Client 
SDG SampleNumber 

Collect 
Date 

Receive 
Date 

Due 
PR Date 

BMC6-17 5298 HA013096 30-JAN-96 30-JAN-96 27-FEB-96 
SPECVOA: RESULTS MUST BE SUBMITTED TO QA ASAP AFTER ANALYSIS. TIC/QUANT, 
SPECTRA, INTERNAL C-OF-C AND LAB CHRONICLE FOR SAMPLE AND BATCH BLANK MUST 
BE SUBMITTED. SPECRP: DO NOT GENERATE REPORT. 
Aqueous S 624/TCL/VOA ETED Hold:13-FEB 
No Matrix S CASE REPORT ETED 
No Matrix S SPECRP ETED 
Aqueous S SPECVOA ETED 
Aqueous S TIC/VOA+15 ETED 

Hold:27-FEB 
Hold:13-FEB 
Hold: 13- FEB 

Page 1 

Date: 

408008 
408008 
408008 
408008 
408008 



Figure 7.7 

Daily Receipt Log 

ENVIRONMENT .I.L LABORATORIES 

COURffiR ____________________ __ 

CL~-----------------------

RECEIVED BY:------------------

RELINQUISHED BY: ---------

DATE 

TIME 

#OF COOLERS 
# OF SHUTTLES 
#OF ENVELOPES 
#OF OTHER 

DELIVERED TO: 

Daily Receipt Log 

ENVIRON WHIT AL LABORATORIES 

COURIER-----------------

CLIENT _______________ _ 

RECEIVED BY:--------------

RELINQUISHED BY: ---------

DATE 

TIME 

#OF COOLERS 
#OF SHUTTI.ES 
# OF ENVELOPES 
#OF OTHER 

DELIVERED TO: 

Daily Receipt Log 

ENVIRQN ... EHT J..L LJ..BOAA TORIES 

COURIER ______________ _ 

CLIENT ___________________ __ 

RECEIVED BY: ----------------

RELINQUISHED BY:-------------

DATE 

TIME 

#OF COOLERS 
# OF SHUTTLES 
# OF ENVELOPES 
#OF OTHER 

DELIVERED TO: 

Daily Receipt Log 

EHVIF!QNI.IENTAL LABORATORIES 

COURIER 

RELINQUISHED BY:------·-------

DATE 

TIME 

#OF COOLERS 
# OF SHUTTLES 
# OF ENVELOPES 
#OF OTHER 

DELIVERED TO: 

TOTAL _______ _ 

TOTAL ______ _ 

TOTAL ______ _ 

TOTAL ______ _ 



Figure 7.8 

CORE Laboratories 

Subcontract Laboratory: 

Loglink(s): 

Matrix: 

Oeliverables: 

SUBCONTRACT ANALYSES AND 
SAMPLE CHAIN-OF-CUSTODY 

Sample Oate(s): ----------

CORE Laboratories Sample ID #'s:...: -----------~----~----------
Faxed data due by: ----------Hardcopy report due by:----------

If deadline cannot be met, contact CORE Laboratories Subcontract Department at 9081225-6700. 
Send report & invoice to CORE Laboratories, 284 Raritan Ctr Pkwy, Edison, NJ 08837 Attn: Subcontract Dept 

The following analyses are requested (list bottle type): 

ACIDITY FLUORIDE 
ALKA FORMJUV 
NH3 HARD 
NH3/D N03 
BICARB N02 
BOD N2/0RG 
BROM N21TK 
BTU ODOR 
GARB O+G/GRAV 
CAJCAC03 O+GAR 
CHLOR PHENOLS 
CL2/T PHENOLS/Dl 
CL21D P04/T 
Cl2/R P04/0RG 
COD P04/0RT 
COLI/F PHOS 
CO LilT CYffiEACT 
CO LORIS SULFIDEffiEACT 
COLOR/A SOLIDS/T 
CR(+6) SOLIDS/TO 
CY (CHLOR) SOLIDSISETL 
CY/T SOLIDS/TS 

Other: 

CHAIN-OF-CUSTODY (COMPLETE APPROPRIATE SECTION) 
OPTION A: COURIER PICKUP AT CORE Laboratories 

Sample(s) relinquished by CORE Laboratories:--------
Sample(s) received by: 

OPTION B: SENDING SAMPLE FROM CORE Laboratories 

Time: ____ _ 

Time: ____ _ 

SOLIDSfTV 
S04 
SULFIDE 
S03 
SURFAC 
TOX 
TOX2 
TOX4 
TOC2 
TOC4 
TURB 
AP9/SULFIDE 
M601 
M602 
M603 
M503.1 
M524.2 
BTXE 
MTBE 
PP/PEST 
PP/PCB 
PP/PCB 

Date: __ _ 

Date: __ _ 

Shuttle sealed at CORE Laboratories by:---------- Seal#: _____ Time·: ___ _ Date: 
:huttle opened by: Seal#: Time: Elate: ___ _ 

Seal intact? YES __ NO __ Shuttle contents in good condition? YES __ NO __ 

COMMENTS: 

CGet.afioratories 1/3/96 Rev. 2 



CORE laboratories 

REQUEST FOR SUBCONTRACT ANALYSES AND 
SAMPLE CHAIN-OF-CUSTODY 

Subcontract Laboratory: 

Loglink(s): 

Contact: 
---------------'-Project Name:----------

Phone: ------------------
CORE Laboratories Sample ID #'s'-: ------------------------------

Matrix: __________ Received at Core Laboratories:-------- Sample Date:-----
Due Date: Faxed: ________ _ Hardcopy: _____ _ 
Deliverables Required (Check if needed): 

Results: ______ QC Data: ____ __ Raw Data: ______ Internal Chain of Custody:-------

Prep & Analysis Dates: ---------Other:----------------------

If deadline cannot be met, contact CORE Laboratories Subcontract Department at 9081225-6700. 
Send report & invoice to CORE Laboratories, 284 Ran'lan Ctr Pkwy. Edison, NJ 08837 Attn: Subcontract Dept 

The following analyses are requested: 

PARAMETERS METHOD # BOTTLESfTYPE DL'S REQUIRED 

ADDITIONAL REQUIREMENTS: 

CHAIN-OF-CUSTODY (COMPLETE APPROPRIATE SECTION) 
OPTION A: COURIER PICKUP AT CORE Laboratories 

Silmple(s) relinquished by CORE Laboratories:---------- Time: _____ _ 
Sample(s) received by: Time: _____ _ 
Seal intact? YES __ NO __ Shuttle contents in good condition? YES __ NO __ _ 

OPTION B: SENDING SAMPLE FROM CORE Laboratories 

Date: ____ _ 

Date: ____ _ 

Shuttle sealed at CORE Laboratories by:---------- Seal#: _____ Time: Date: 
Shuttle opened by: ---------- Seal#: _____ Time: Date: _____ _ 
Seal intact? YES __ NO __ Shuttle contents in good condition? YES NO 

COMMENTS: 

CORE Laboratories 1/3/96 Rev. 0 



SHIPPING LOCATION 

Shipping location Contact 

Receiving Location Contact 

Date Initiated 

Shipment Method 

Shipment Date 

PROJECT NO./ MATRIX 
SAMPLE ID 

SPECIAL REQUIREMENTS 

Rush turnaround requirements? 

Special report delivery (FAX, FedE.x, etc.)? 

Specific detection limits or reporting units7 

Specific QC samples or de!iverab!es7 

Copies of raw laboratory data 7 

Report or invoice to client or other parties? 

SHIPPING LOCATION'S COMMENTS: 

SHIPPING LOCATION'S APPROVAL 

Approved By 

Date 

Figure 7.9 Page ___ of __ _ 

LABORATORY ANALYSIS REQUEST LOG 

RECEIVING LOCATIONS & FAX NUMBER (checkmack) 

714-937-1170 Anaheim, CA 713-943-3848 Houston, TX {Pet) 

303-751-1784 Aurora. CO 317-872-6189 Indianapolis, !N 

307-266-1676 Casper, WY 3 18-583-49 29 Lake Charles, LA 

512-289-2471 Corpus Christi, TX 310·427·5174 Long Beach, CA 

908·225·6777 Edison, NJ B 13·885-4938 Tampa, FL 

713-690-5646 Houston, TX (Env) 219-462·2953 Valparaiso, IN 

Other (specify) 

ANALYSIS REQUESTED METHOD 
REPORTING 

PRICE 
DUE 

LIMIT DATE 

y N Specify Requirements - lf ntlcessary, attach additional documentation 

RECEIVING LOCATION'S COMMENTS: 

RECEIVING LOCATION'S APPROVAL 

Approved By 

Date 

LAAL.LOG 
1195 

NOTE: All sections must be completed to ensure that client requirements are met. QA reports must be included with all sample results. 



Figure 7.10 

GORE Laboratories 

INTERNAL CHAIN-OF-CUSTODY 

Client: Analytical Parameter/Fraction: 

Sample No. Sample No. Sample No. Sample No. Sample No. Sample No. 

DATE!TIME RELINQUISHED BY RECEIVED BY PURPOSE OF CHANGE OF CUSTODY 

PRINTED NAME: 

SIGNATURE: 

PRINTED NAME: 

SIGNATURE: 

PRINTED NAME: 

SIGNATURE: 

PRINTED NAME: 

SIGNATURE: 

PRINTED NAME: 

SIGNATURE: 

PRINTED NAME: 

SIGNATURE: 

PRINTED NAME: 

SIGNATURE: 

PRINTED NAME: 

SIGNATURE: 

l PRINTED NAME: 

SIGNATURE: 

COPELaboratones 01/03/96 Rev.1 



' 

Figure 7.11 

CORE/New Jersey Laboratory LAB CHRONICLE: Sample Preparation (wk02s) 
':0RK GRCXJP: OIJG3509 SCHEDULER: CREATED : 19·JAN-96 

Jan 22 1996 

DUE: 
Vee Amt. Moisture Dry iJt. EXT VOL (ml) VB HC REPEAT 

te SOG Locatn Sue 
BMF2-00 5256 407967 

QS 

OS 

OS 

QS sZ 
msZ 

msd2 
corrments: 

PROCEDURE: 

SIGNATURE 
CONT l J./UOOS 

SEP. FUNNEL 

SONICATION 

lSOXHLET 
__ DILUT!Of.l 

DERIVATION 

A/8 PART. 

FLORISIL CART. 
ALUMINA 

SULF/COPPER 
GPC 

CONC. 

mt 

t:O 

7.0 0 
zoo 

C1 
DATE 

Matrix: __ ~ater ~Soil __ Complex 

ESD: 

SUPERVISOR: 

CDHHENTS: 

X m 

SIGNATURE 

Organic Liq. 

ECD: 

HOLD DUE DUE Ori CS No. M ANALYSIS 
/..@_ __ OZ/15 ILOZiOZ . ---- Z 418.1/TPH 

cz 
DATE 

Verify Spike 

SPIKE 

VOL 

mt 

CDJ.IC. 

ug/ml mg/mt LOT WUMBER 

======================================================= 

1'il/lll' 2)/}; f..E"' --r /0 2-0 37'7 

E"B.7J 
' 

K 2(2 575 
!}-n ZL /{} :5:33: 

::~==================================================== 

SURROGATES 

=========================~============================= 

======================================================= 
SOL VEIH LOT NUMBER 

=============================================~========= 

====~================================================== 

REAGEIH 
Sodill11 sulfate 

F l orl s i l 

LOT NUMBER 

**"' BHF2·00 SPECRP: SEE SPEC 55·085 FOR REPORTING REO'MNTS. SPECCV: ANALYZE & REPORT TOC IN DUPLICATE. 

Page 1 



CORE 
DIOXIN LABORATORY CHAONICAL 

DIOXIN OT BATCH# : 

SAMPLE MATRlX: 1 -WATER 2- SOIL 3- COMPLEX 4- OIL 

HOLD DATE: DUE DATE: 

ETC ! ' 
I I I 

SAMPLE 

I 
SAMPLE I I ETC ORIGINAL wr. lol FINAL VOL. 
NUMBER CLIENT ID I LOGLINK A TYPE BATCH VOL (_~I ol 

I I I I I I 

I 
I 
I 

' I ! : : 

i I 
I I I ' I 

I I I 
' I I i I ! 
' I i ! 
: 

! ' I I I 

I I I 
: 

I 
' I ' I 

I I I 
' ' I ! I i 

i I I i I I ' 

! ' i 

' 
I ! I I 

' i ! I 
' . I I I ' I 

' 

A 
. . 

I 

8 ! I i ! 
s ! I 

MS : I I 
' ' 

MSO I 

PERFOR~!.ED jLOT lco:-.T ~ VOLn!E I 
' '" ' 

! ! PR(H'EDI'RE5- RY DATE ''-T:'>Hlf'R ml ,, 
"'EJ<;KO OL"T 

' ' i 
'><"-"•n),0/>1< I i i 

: I I i >!'"' I~Tt1 Sl~R 

,,HJ'>E i ~ 
J,>,J:. >~VJ.:E I 

! I i ' 
S.OX1£T i I 
SEJ'FL-..-...U I I ! 
~,;s.:::; s.Joa.G•~ x, I I VI'OATES 

ACID WASH/ Xi i I "' 
SWA ]Al..-<uRO) I I I \!,1P 

A\...:l]C-"'00..) I I I DONE 

P..O.C"io.:.A~._;t:-.G i I I I EHD: 

Solvent lot No. 

I 
I 

I 

ANALYSTS SIGNATURE: DATE: ________ _ 

SUPERVISOR'S SIGNATURE: DATE: ________ _ 



QC BATCH#: 

SAMPLE# 

LOGUNK 

A-lYPE 

WEIGHT OF SAMPLE 

& FIL TEA AFTER FILTERING 

TARED WEIGHT OF FILTER 

WEIGHT OF FILTERED 

SAMPLE 

INrfiAL WEIGHT 

OF SAMPLE 

"SOUDS 

% SOUDS 

CORE 
LABORATORIES 

TCLP FILTRATION LOG 
%SOLIDS DETERMINATION 

HOLD DATE: 

j I I 
! 

I 
I 
I 

I 
I 

i 
I ' I 

I I 

i i i 
' 

' 
' ' I i ' 

(WEIGHT OF FILTERED SAMPL£) 
(INITIAL WEIGHT OF SAMPL£) 

(ALL CALCUL,TIONS MUST BE SHOWN BEL~W)_ 

i I 
I 

' 

I I 
I 
' I 
I I 

l 
' 

I 

X 100 



Cut1E 
LABORATOHIES 

TCLP PREP LOG (METHOD 1311) SEMI-VOLATILE ORGANICS AND METAL 
OC BATCH#: 

1-

Sample 
ID 

-------- -----~---

LOG 
Link 

-Hold 
Time 

Pret8St 1 Pretest 2 
_JJ_H Ph 

1-----1--- 1-~---1---------

------+ 1- - -- ' -

-----+--- t-~-+- --

-- -1 1------
-------+----1----+---- -I-

------1 ~---·----

SET UP: 

FILTERING: 

SUPERVISOR: _________ _ 

EXTRACTION FLUID LOTitc ____________ __ 

COMMENTS: 

l::xtr. 
Fluid 

-

Sample 
WI fq) 

~:~~tche~~?~~:~~~~£l.C:.C:..~~-e_=!_s for _special requirements and instructions. 

Initial 
Filtrate 

Total 
Volume 

Start nme: 

Lab Temp: 

TumblE!" RPM: 

Stop Time: 

LeaCha-te 
_JJ_H 

pH before 
tumbl!.!:!.9.. Fraction 

-----

---j--------- - -- --- -__ , ,-------~= 

-~i------1------ ---------
-! -~--------- --------
-------·--------

--·· 

---t-----1 



CORE 
LABORATORIES 

TCLP PREP LOG (METHOD 1311) VOLATILE ORGANICS (ZHE) 

OC BATCH#: ________ _ 

SAMPLE I LOG I TCLP I SAMPLE I SAMPLE I INITIAL 
I 

TOTAL I ID LINK HOLD DATE .DUE DATE WGT FILTRATE VOL FRACTION 

I ' I I ! I I I 
I I : I l I ' I I i 

I : i I 
I I I 

! I i I I 
' 

I I I I 

I I I : I 
' ; 

I I i ! i ! ' 
' ' I 

I ! ' 
I 

i I 
' 

I ' I 
i 

' I I 

' ! I I 

i ' 
' I I 

I I ' 
I 

' ' I 

. 

S'OT UP _________________ START TIME: 

FILTERING. _________________ LAB TIEMP: 

SUPERVISOR __________________ TIUMBLER RPM"-:'--------------

EXTRACTION FLUID LOT #: ______________ STOP TIME: 

See anatched logins and specsheets for special requirements and instructions. 



Figure 7.12 

CORE Laboratories 

R 

LABORATORY CHRONICLE: GC/MS DEPARTMENT 

SEMI-VOLA TILE ANALYSIS 

Date: _____ lnstr .. _____ _ 

GC Column: 

Analyst: 

A-Type: 

Tune File: 

Seq. File: 

Method File: 

10 File: 

CB File: 

Reviewed By/Date: 

Batch #s: 

Standards Updated 

Date: ___ _ By:. ____ _ 

Tape#:------- lnj. __ ul 

Data 

Name File ALS # 

Standard 

Solvent 

lnj. 

Oil Time 

R: Redo I + Plus Search 

Page of __ _ 

Cone Lot Lot 

ppm No. Val 

-- Lot No. ---
-- --

Comments + 

CORE Laboratories 0110"3/96 Rev. 2 



COkE Laboratories 

Date: tnstr. ____ _ 

GC Column: 

Batch#: 

Water/Soil: 

A-Type: 

Tune File: 

Seq. File: 

Method File: 

ID File: 

CB File: 

pH< 2 1·.. ·. n~ < Oata ·• > 

R Y/N ·.•.... Name .·. File •. • 

~>- ~·- ----

·- -··--- - -- - - - ' -- ---

. --·- - . - . . -

LABORATORY CHRONICLE: GC/MS DEPARTMENT 

VOLATILE ANALYSIS 

Analyst: .·······.·: .. 

. Standard 

Standards Updated: 

Date: 

By: 

Reviewed By: 

Date: 

Tape# Solvent 

Page of __ _ 

1· Cone.· 
1 < Lot ··.:• •·•.··· 

i lot:··.·· 

ppm. • No. ·.····:. ·.Vol. > 

----- Lot No. -----

------ - ·--

i lnit. vol/wt ····Oil···, .......•.•.•.•••... 
I·· .. Jnj •. · 

·•. i > ·;~ bo~~~,J~ \··•···.···········.·•···•·· .•••··· •. \•••/ r\• '< ··. lmt/al M ALS # Time·· 

-----

R: Redo I M: Methanol Dispersion I + Plus Search CORE Laboratories 01/03/96 Rev. 2 



CORE Laboratories Figure 7.13 

R 

LABORATORY CHRONICLE: GC DEPARTMENT 
SEMI-VOLA TILE ANALYSIS 

Date: _____ lnstr. _____ _ 
A-Type: 

Column: 

Col. Lot: 
Calib File: 

Seq. File: 
Method File: 
10 File: 

Config. File: 
Analyst: 

Reviewed By/Date: 
Batch #s: 

Standards Updated 

Date: ____ By: ____ _ 

Tape#: ______ _ lnj. __ ul 

Data File 

Standard 

in it. ALS 
Name Detec. 1 Detec. 2 mUg # 

R: Redo 

Cone Lot 
ppm No. 

Oil 

Cone Lot 
Standard ppm No. 

Solvent - Lot No. 
-

Comments 

CORE l• --·,torles- 01103196 Rev. 2 



CORE "aboratories 

Date: lnstr. ____ _ 

GC Column: 

Batch#: 

Water/Soil: 
A-Type: 
Tune File: 
Seq. File: 
Method File: 
ID File: 

CB File: 

1'_.·_-·· __ . 
1 }i:.·•····· •i. ' i)7 u,~~~;: pl-j "' 2 

R YIN •• • f\.ctl]l~ •• ·.·••.·• · -··_ rua .-·.·.·.·-··:· 

- -···· -- --------

LABORATORY CHRONICLE: GC DEPARTMENT 
VOLA TILE ANALYSIS Page of __ _ 

Analyst: . - .:· ...... ··_····-· .· :_._-,•·· Cone )Lot--·· __ .......... .•. -.. (·,·····Lot 
. Standard f ·-····flpm No. :·::·--·Vol. 

Standards Updated: 

Date: 

By: 

Reviewed By: 
Date: 

Tape# Solvent ----- Lot No. -----
----- -----

lf!l~is vollwt-:-
--- --, o·n·--• 

·····.-· 
:> lnj.-

1-•·-··.·-······· ••. ' \:/·_.····· i i iii·······_·· ... _ .. :·: 
Jljg} M ALS # Oil Tima ·.: i .... :·.·. .-· .. _ .. 

- ---·--- ------- --
---·· - -- .. -- -· --------- --[_ ____ ---- - --------· 

R: Redo I M: Methanol Dispersion CORE Laboralortes 01/03/96 Rev. 2 



Figure 7.14 

CORE Laboratories 

SAMPLE PREPARATION LOG- METALS 

BATCH# ________________________ __ 
MATRIX -------------------

ICP Furnace Mercury 
Sample ID Initial Final Initial Final Initial Final 

(LCS) Control 

(PB) Q -1 

(BS) Q -A1 

Matrix Spike and Duplicate Information 

A1 

-2 

Analyst: 

Date: 

HN03 Lot#: HN03 Lot#: HN03 Lot#: 

HCI Lot#: H202 Lot#: H2S04 Lot#: 

H202 Lot#: HCI Lot#: 

KMn04 Lot#: 

K2S208 Lot#: 

CORE Laboratories. 01!03/96 Rev. 2 



Figure 7.15 

CORE Laboratories 

LAB CHRONICLE- ICP 

Date:--------- Instrument: _______ _ 

QC Batch (s): ------------

Sequence File:-------------

Calibration Standard Lot# : --------

Calibration Check Lot#:----------

CRILot#: ____________ _ 

ICSA Lot#:-------

ICSAB Lot# : --------

POS SAMPLE DIUELE POS SAMPLE DIUELE 

Page ___ _ of __ _ 

Analyst:--------

Matrix:----------

POS SAMPLE DIUELE 

CORE laboratories- 01/03196 Rev. 2 



CORE Laboratories 

LABORATORY CHRONICLE- GFAA 

Date: __ / __ / __ Instrument FN I: ______ Analys.:.:.t: ________ _ 

QC Batch (s): Matrix: -------------------

Calibration Standards Lot#: 

Calibration Check Standard Lot# : 

Element Position File 

2 ___________ _ 

3 ___________ _ 

4 ____________ _ 

5 __________________ __ 

! 
i POS SAMPLE LOT# POS SAMPLE OIL POS SAMPLE OIL 

1 sxsoo 15 29 

2 SASTOS10 16 30 

3 SBSTOS20 17 31 

4 SCSTOS40 18 32 

5 SOSTOS60 19 33 

6 CSFICV 20 34 

7 CBICB 21 35 

8 22 36 

9 23 37 

1 0 24 38 NH4H2P04 

11 25 39 NI(N03)3 

12 26 40 PSTSPK SOLN 

13 27 ALT H2S04 5% 

14 28 

CORE Laboratories. 01/03/96 Rev. 3 



CORE Laboratories 

NITRATE-NITRITE 
OW-Batch:------

QC-Batch: _____ _ 

Verified:-----

Instrument:------

Seq# Lab 10 pH Int. 

Figure 7.16 

Method Ref: EPA 353.2 

(Colorimetric, Automated Cd-Reduction) 

MDL: 0.1 mg/1 

Matrix: Aqueous 

Dilution Reported 

Analyzed mail Factor mail 

Traceability 

Page __ of __ 

Date: _____ _ 

Time: ____ _ 

Analyst: ____ _ 

Comments 

Calculations 

Std Lot#: External Ref#:. _______ _ Blank Spike Ref#:. ______ _ 

;olor Reagent#::_-------- NH4CI-EDTA #:; ________ _ 

CORE Laboratories- 01/03/96 Rev. 3 



INSTRUMENT 

Wet Chemistry 

Spectrophotometer 

Carbon Analyzer 

Infrared 
Spectrophotometer 

pH Meter 

Conductivity Meter 

Turbidity Meter 

Turbidity Meter 

Seta-Flash Unit 

Tax Analyzer 

Metals 

Mercury Cold Vapor 
Atomic Absorption 
Spectrophotometer 

Graphite Furnace 
Atomic Absorption 
Spectrophotometer 

HODEL 

Technicon AA I I 
Technicon GTPC 
(Auto Ana 1 yzers) 

Hach DR3000 

Dohrmann DC80 
(w/ sci 1 furnace) 

Perkin Elmer 1310 

Orion 501, 701 

YSI #31 

Hach X/R 

Hach X/R 

ERDCD D15F 

Dohrmann OX20A 
Mitsubishi TSX-10 

Fisher Hg-3 
Analyzer 

Perkin Elmer 5100 
with Zeeman 
background 
correction 

TABLE 8.1 ROUTINE !H. 

METHODS 

Phenolics- 420.2/9066 
Chloride - 315.1/9151 
Cyanide - 335.3/9012 
Cyanide - USEPA CLP 
Nitrate - 353.2 
Nitrite- 353.2 
Fluoride - 4500-F-E 

COD - Hach 8000, 1979 

TOC- 415.1/9060 

Petroleum 
Hydrocarbon - 418. 

pH - 150.1/9040 

Specific Conductance 
120.1/9050 

Turbidity- 180.1 

Sulfate- 375.4 

Flash Point - 1020 

lOX - 9020 

CVAA 
H9- 245.1/7470,7471/ 
USEPA CLP 

GFAA 
As 206. 2/7060/CLP 
Se 270.2/7740/CLP 
Tl 279.2/7841/CLP 
Pb 239.2/7411/CLP 
Cd 213.2/7131 
Cr 218.1/719! 
Sb 204.1/7041 

<ENT CALIBRATION SUH!WlY 

STANDARD RANGE 

0.05 - D.30 mg/L 
5.0 - 100 m9/L 
0.10- 0.50 mg/L 
0 - 10D mg/L 
0.!0- 1.0 m9/L 
0.05 - 1.0 mg/L 
0.10-2.0mg/L 

!0.0 - 150 mg/L 

10.0 - 400 mg/L 

0.5 - 40 m9/L 

4 - 10 units 

0.01 NKCL 
@ 1413 umhosjcm 

1.8 - 180 NTU 

5.0 - ISO m9/L 

27. 2" c 

1.0 u9 Cl 

0.2 - !0 u9/l 

By Element (ug/L) 
0 40 
0 40 
0 40 
0 40 
0 6 
0 12 
0 50 

PROCEDLJlE 

5 point calib. 
5 point calib. 
5 point calib. 
5 point cal ib. 
5 point cal ib. 
5 point cal ib. 
5 point calib. 

5 point cal lb. 

Single point; 
5 pt verification 

5 point calib.; 
2 point verification 

3 point calib. 

Single point 

3 point cal lb. 
(Formazi ne); 
3 point cal ib. 

5 point calib. 

single point 
p-Xylene 

Ca 1. check Std 

6 point cal ib.; 
calibration check 

4 point calib.; 
calibration check 

FREQUENCY 

per batch 

per batch 

per batch; 
per batch 

quarterly; 
per batch 

per batch 

per batch 

Quarterly; 

per batch 

per batch 

per batch 

per batch; 
1/8 pyrolysis 

Initial; Every 
10 samples 

Initial; Every 
10 samples 



TABLE L CONTINUED 

INSTRUMENT HODEL METHODS STANDARD RANGE PRDCEDLilE FREQUENCY 

Metals continued 

ICP Atomic Emission Jarrell Ash 1CPAE By Element (mg/L) 4 point calib.; Initial; Every 
Spectrophotometer 1CP-61E Ag 200.7/5D1D/CLP 0 D.1 calibration check 10 samples 

1CP-61 Al 100.7/6010/CLP 0 5.D 
As 200.7/6010/CLP 0 l.D 
B 100.7/6010 0 l.D 
Ba 100.7/6010/CLP 0 2.D 
Be 200.7/6D1D/CLP 0 0.1 
Ca 2D0.7/6D10/CLP 0 20 
Cd 200. 7/6010/CLP 0 0.2 
Co 20D. 7/6D1 D/CLP 0 0. 4 
Cr 200. I/5D1D/CLP D 0.6 
Cu 100.7/501 0/CLP 0 0.6 
Fe 100.7/5010/CLP 0 1.0 
Hg 200.7/5010/CLP 0 20 
Mn 100. 1/5010/CLP 0 0.6 
Ho- 100.7/5010 0 0.5 
Na 200.7/5010/CLP 0 100 
Ni - 200.7/6010/CLP 0 D.6 
K 200.7/5010/CLP 0 20 
Pb 100.7/5010/CLP 0 1.0 
Sb 100.7/5010/CLP 0 1.0 
Se 1DO.I/5D10/CLP 0 2.D 
Sn 200.7/6010 0 2.0 
Sr 2DO. 7/5010 D 1.0 
Ti 200.7/6010 0 1.0 
v 100.7/5010/CLP 0 0.6 
Zn 20D.7/501D/CLP 0 1.0 

Organics 

Tracor 540 Purgeable Halocarbons By Compound (ug/L) 5 point calib.; Initial; Daily 
Gas Chromatograph 601 D.50- 25 calibration check 

1.0 25 

Purgeable Halocarbons 1.0 100 ug/L 5 point calib.; Initial; After 
8010 calibration check 10 injections 

Purgeable Aromatics 1.0 100 ug/L 5 point calib.; Initial; Daily 
602 calibration check 

Purgeable Aromatics 1.0 100 ug/L 5 point cal ib.; Initial; After 
8020 calibration check 10 injections 

Hewlett Packard 5B90A Purgeable Aromatics 1.0 100 ug/L 5 point calib.; Initial; Daily 
Gas Chromatograph 5B80A 602 calibration check 

Purgeable Aromatics 1.0 - 100 ug/L 5 point calib.; Initial; After 
8020 calibration check 10 injections 



INSTRUMENT 

Organics continued 

Hewlett Packard 
Gas Chromatograph/ 
Hass Spectrometer 

HODEL 

5995 
5995A 
5988 
5970A 
5890A 

TABLE 8.1 CONTINUED 

METHODS 

Organochlorine 
PesticidesjPCBs 
608 

Organochlorine 
Pesticides/PCBs 
8080 

Organophosphorus 
Pesticides - 8140 

Chlorinated 
Herbicides - 8150 

Organochlorine 
Pesticides and PCBs 
USEPA CLP 

Volatiles, purge & trap 
614 

Volatiles, purge & trap 
8140 

Volatiles, heated 
purge & trap - 8240 

Volatiles, purge & trap 
514.1 

Semivolatiles 
(extractables) - 625 

Semivolatiles 
(extractables) - 8270 

PCOO, PCOF, 
1,3,7,8-TCOO- 8180 

STANDARD RANGE 

By Compound (ug/ml) 
0.0005- 0.10 
0.0010 - 0.40 
0.0050- 2.0 
0.010 - 4.0 
0.010- 8.0 

By Compound (ug/ml ) 
0.005- 0.10 
0.010 - 0.40 
0.050- 1.0 
0.10 4.0 
0.10- 8.0 

By Compound (ug/ml) 
0.10-1.60 
0.05 - O.BO 
0.015 - 4.0 

By Compound (ugjml) 
0. 50 10 
0.10 - 2.0 

By Compound (pg) 
5 - 80 
10 - 160 
50 - 800 
100, 100, 500 

4 - 200 ug/L 

20 - 200 ug/L 

10 - 50 ug/L 

- 10 ug/l 

By Compound (ug/ml) 
10 160 
20 160 
80 - !60 

10 - 160 ugjml 

20 - 500 ng 

PROCEOIJlE 

5 point cal lb.; 
calibration check 

5 point cal lb.; 
calibration check 

5 point call b.; 
calibration check 

5 point cal ib.; 
calibration check 

3 point cal ib; 
calibration check 

5 point calib.; 
calibration check 

5 point calib.; 
calibration check 

5 point calib.; 
calibration check 

5 point calib.; 
calibration check 

3/5 point calib.; 
calibration check 

5 point cal ib.; 
calibration check 

5 point cal ib.; 
calibration check 

FREQUENCY 

Initial; Daily 

Initial~ After 
10 injections 

Initial; After 
10 injections 

Initial; After 
10 injections 

Initial, Every 
12 hours 

Initial; Daily 

Initial; Every 
12 hours 

Initial; Every 
12 hours 

Initial; Every 
8 hours 

Initial; Daily 

Initial; Every 
12 hours 

Initial; Every 
12 hours 



INSTRUMENT 

Organics continued 

Hewlett Packard 
High Performance 
Liquid Chromatography 

HODEL 

1090 
l09DA 

TABLE 8 

METHODS 

Volatiles, purge & trap 
USEPA CLP 

Semi-Volatiles 
(extractables) - USEPA CLP 

Polynuclear Aromatic 
Hydrocarbons - 8310 

.DNTINUED 

STANDARD RANGE 

500 - 1000 ng 

10-160ng 

By Compound 
0.15 - 5 
D. 5 10 
1.5 50 
5.0 - 100; or 

0.015 - 1.0 
0.05 - 2.0 
0.15 - 10.0 
0.5 - 10.0 

PROCEDtxlE 

5 point calib.; 
calibration check 

5 point call b.; 
calibration check 

5 point calib.; 
calibration check 

FREQUENCY 

Initial; Every 
12 hours 

Initial; Every 
12 hours 

Initial; Daily 
verification 



Figure 10.1 

Operations Flow 

Client 

~ 

Project Services 

~ 
Sample Field Sampling 

Management Team 
I 

r ~ 1 • 
Sample Prep Conventlonals Metals Subcontract 

~ ~ 

GC GC/MS 

Data Integration 

I 
Report Initiation I I 

Report Production I r I 

I Project Services I 1 Data Management r 

Copy Center 1 
Technical Report 

to Client 

Archives 



Table 12.1 

This Quality Assurance Plan (QAP) is document controlled. The table in place at the time of 
approval and a current list are included in order to provide updated laboratory information. 



State Certification Summary 
CORE LABORATORIES, INC. - EDISON, NEW JERSEY 

February 29, 1996 

Laboratory 
State Agencv and Certification ID# 

California Department of Health Services; 2074 
Hazardous Waste Fields of Testing 

Connecticut Department of Health Services; PH-0511 
Potable Water, Nonpotable Water, Soils 

Massachusetts Department of Environmental Protection; M-NJ136 
Potable Water, Nonpotable Water 

New Hampshire Department of Environmental Services; 202695-B 
Nonpotable Water 

New Jersey Department of Environmental Protection; 12005 
Potable Water, Nonpotable Water 

New York Department of Health; 10586 
Potable Water, Nonpotable Water, Hazardous Waste 

Pennsylvania Department of Environmental Resources; 68-323 
Potable Water 

South Carolina Department of Health and Environmental 94002 
Control; Nonpotable Water, Solid and Hazardous Waste 

Tennessee Department of Health; 02915 
Potable Water 

Virginia Department of General Services; 00113 
Potable Water 

Wisconsin Department of Natural Resources; 999464070 
Nonpotable Water 

List of Actual Certified Tests/Parameters Available Upon Request 

Expiration 

5/8/96 

3/31/97 

6/30/96 

9/25/96 

6/30/96 

4/1/96 

7/1/96 

4/1/96 

10/15/98 

6/30/96 

6/30/96 



Table 12.1 State Certification Summary 

January 30, 1996 

State Agency/Certification Type 

California Department of Health Services/ 
Hazardous Waste Fields of Testing 

Connecticut Department of Health Services/ 
Potable Water, Non-potable Water, Soils 

Massachusetts Department of Environmental Protection/ 
Potable Water, Non-potable Water 

New Harnpslllre Department of Environmental Services/ 
Non-potable Water 

New Jersey Department of Environmental Protection/ 
Potable Water, Non-potable Water 

New York Department of Health/ 
Potable Water, Non-potable Water, Hazardous Waste 

Pennsylvania Department of Environmental Resources/ 
Potable Water 

South Carolina Department of Health and Environmental Control/ 
Non-potable Water, Solid and Hazardous Waste 

Tennessee Department of Health/ 
Potable Water 

Virginia Department of General Scr.ices/ 
Potable Water 

Wisconsin Department of Natural Resources/ 
Non-potable Water 

Certification ID No. 

2074 

PH-0511 

M-NJ136 

202695-A 

12005 

10586 

68-323 

94002 

029!5 

001!3 

99946-!070 

List of Actual Certified Tests/Parameters Available Upon Request 



Figure 15.1 

CORE Laboratories 

ROUTINE CORRECTIVE ACTION LOG 

Batch #: _____ _ Analysis:------- Matrix:-----------
Preparation by: 

Analyzed by: 

Data Reviewer: 

DATE ISSUE I RESOLUTION 

CORE Laboratories 01/03/96 Rev. 1 



figure 15.2 
For Interim Use- Core Laboratories, Inc., Edison, New Jersey- January, 1996 PACE/NJ 

Log#: 
INVESTIGATION I CORRECTION LOG 

QA Receipt Date: 

Date: -------
Originator. 
Requested by: Pace/NJ Client Other ____ Resolution required by (date):. ____ _ 

Sample Information (Complete only if sample specific): 
Company: 
Contact: ___________ Phone:..: '--"------Fax: 
Sample #s: 
Client ID #s: 
Log link: 

Client to be contacted? 
Corrected report(s) to be 
Letter to be issues? 
Other. 

Description: 

issued? 

Who should investigate? QA ___ Mktg 

Investigation: 

BATCH#· 
Yes No Circle One 

· ... , ' 

Maii/FedEx 
Mail/Fax 

PM __ Ops (Specify Dept): 

Performed by: 
~----------------

Date: 

Completed by 

QA Review I Notmcation of Originator I Action Taken or Required: (Check Action Type) 
Name: (If applicable) Date: ------------------___ No Action (Example: Investigation reveals no error) 
___ Simple Correction Action (Example: Correct data and reissue report) 

' Date 

Description:-c--c--'--:--"----:---'---:---'----:----~----'--------c...,--

,..---- Complex Correction Action (Example: Change of precess, equipment) 
Description:,-,-~--~----'------------~------:---:-

Assigned to: 
~ompleted by: 

Date: --------------------'--~--,-------------Date: 

Verified by Area Supervisor. .-'--:-'---------------:--Date: Monitored by QA: Date: 

N/A = Not Applicable ATIACH SUPPORTING DOCUMENTATION PACEINJ 10/14/S4 Rev. 0 
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Chemical Waste Management 

Vickery, Ohio 

Evaluation of Impacts of an 
Acidic Material Spill on 
Aquatic Communities in Little 
Raccoon and Raccoon Creeks 

ENSR Consulting and Engineering 

August 1993 
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i.O INTRODUCTION 

Chemical Waste Management's Vickery Facility in Vickery, Ohio, reported a release of acidic 
waste into Meyer's Ditch on April22, 1993. The release was detected at about 10:50 a.m., when 
a flange on. a low-pressure pipeline to one of the wells was discovered to be leaking acidic 
material onto the ground and into an adjacent intermittent drainage ditch (Meyer's Ditch}. The 
exact volume of waste released from the pipeline is unknown, although it was considered to be 
small, since a routine inspection of the line on Thursday morning (April 22} indicated no leakage. 
After discovering the leak, immediate actions were taken to shut off the flow and contain the acid 
material. On-site activities consisted of pumping the water out of Meyer's Ditch. All cleanup 
activities were approved by the Ohio Environmental Protection Agency (Ohi9 EPA). Silt screens 
also were established in Meyer's Ditch downstream of the facility boundary, and two downstream 
receiving waters, Little Raccoon and Raccoon Creeks. Initial measurement's in Meyer's Ditch on 
April 22 indicated a low pH. As the material moved downstream, the pH increased due to 
dilution from the larger volume of water. By April 23 the pH had returned to about 7 in Meyer's 
Ditch. The release of the acidic material is believed to have caused an orange/red precipitate 
in the streams, possibly as a result of metals becoming insoluble in the higher pH waters of Little 
Raccoon Creek. The presence of orangejred water was used to track the progress of the 
material in Little Raccoon and Raccoon Creeks. It is believed by April 24, the material had 
progressed to Lake Erie. An orange precipitate was evident on the stream bottom and banks 
in Meyer's Ditch and Little Raccoon Creek. The orange precipitate was not obvious in Raccoon 
Creek. 

The Raccoon Creek drainage that received the acidic material is a low-gradient, low-order stream 
system that drains into Lake Erie. Meyer's Ditch, which first received the acidic material, is a 
small, intermittent stream. The acidic material traveled about 1.5 miles in Meyer's Ditch and 
entered Little Raccoon Creek, which is a small, perennial stream. From its confluence with 
Meyer's Ditch, Little Raccoon Creek traverses about 3 miles and empties into Raccoon Creek, 
which is a medium-sized perennial stream that drains into Lake Erie. The approximate distance 
from the confluence of Little Raccoon and Raccoon Creeks to Lake Erie is about 2 miles. 

The purpose of this report is to describe studies that were used to evaluate the impacts of the 
acidic material on aquatic communities in Little Raccoon and Raccoon Creeks. The types of 
studies conducted for this assessment included water and sediment chemical analyses, water 
and sedimenttoxicity, fish kill counts, and benthic macroinvertebrate and fish population surveys. 
The report is divided into Methods (Chapter 2.0), Results (Chapter 3.0), Discussion (Chapter 4.0), 

1413--013-200 
Al.Jgusl 1993 

1-1 



Conclusions (Chapter 5.0), and References (Chapter 6.0). In designing the studies, guidance 

documents (Ohio EPA 1987) regarding methods for determining biological criteria for the Ohio 

water bodies were reviewed. Where applicable, sampling methods and data analyses proposed 

for fish and macroinvertebrate studies in this plan followed the Ohio EPA (1987) biological 

procedures. 
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2.0 METHODS 

2.1 Sampling Locations 

Six sampling locations were selected for the chemistry and biological surveys conducted in 

Meyer's Ditch, Little Raccoon Creek, and Raccoon Creek (Figure 2·1). As described in 

Section 2.2, the types of analyses and surveys conducted at these locations varied. The 

approximate locations of the sampling sites are shown in Figure 2-1 and described below: 

• M-1 is located in Meyer's Ditch approximately 75 yards upstream of the confluence with 

Little Raccoon Creek. 

• US-1 is located in Little Raccoon Creek about 20 yards upstream of the confluence of 

Meyer's Ditch and Little Raccoon Creek. Because this site is upstream, and not 

influenced by inputs from Meyer's Ditch, data from this location served as a reference 

to data resulting from the downstream locations. 

• Three locations in Little Raccoon Creek (DS-1, DS-1 A, and DS-2) were sampled 

downstream of Meyer's Ditch. DS-1 is located immediately downstream of the 

confluence with Meyer's Ditch, while DS-1A is positioned about midway between the 

confluences with Meyer's Ditch and Raccoon Creek. DS-2 is located about 50 feet 

upstream of the confluence of Little Raccoon and Raccoon Creeks. 

• DS-3 is in Raccoon Creek approximately 1 mile downstream of its confluence with Little 

Raccoon Creek. This location was the farthest downstream point that could be reached 

by land on April 23, and it was near the estimated downstream location of the reddish 

precipitate reported to be caused by the acidic material spill. 

A summary of width, depth, and substrate characteristics at these six sampling locations is 

provided in Table 2-1. 
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US-1 

DS-1 

DS-1A 

DS-2 

DS-3 

M-1 

Table 2-1 

Description of Sampling Locations on April 24, 1993, tor the 
Acidic Material Leak Near the Vickery, Ohio, Facility 

Uttle Raccoon Creek 4-6 <0.1 - 1 Silt and clay with some sand 
Uttle Raccoon Creek 4-6 <0.1- 1.5 Silt and sand 
Uttle Raccoon Creek 4- 10 <0.1 - 3 Clay and detritus 
Uttle Raccoon Creek 18- 25 0.5-4 Clay and detritus 
Raccoon Creek 40-50 2-6 Clay and silt 
Meyer's Ditch 3-4 <0.1- 0.2 Silt and clay 

1Width and depth fluctuated during the three sampling periods. 

2-3 



D 

------------------------~---E-~__ E 
2.2 Types of Analyses and Surveys 

The types of analyses and surveys conducted for the acidic material leak assessment included 

water and sediment chemistry, water and sediment toxicity, fish kill survey, benthic 

macroinvertebrate sampling, and fish population sampling. The initial studies consisted of water 

and sediment chemistry, collection of water for toxicity testing, and a fish kill survey. These 

studies were conducted on April 23 and 24, 1993, which was within 48 hours following the 

detection of the pipeline leak. Subsequent collections and biological surveys were conducted 

on April 29, May 13, and June 2 and 3, 1993, as indicated in Table 2-2. The types of analyses 

and surveys conducted at the six sampling locations also are listed in Table 2-2. The April 29 

analyses (water and sediment chemistry and collection of water for toxicity testing) were included 

to determine the effects of a heavy rain event on April 25 and 26, 1993. 

2.3 Chemistry 

Water samples for analytical chemistry (metals) were collected in clean, high-density polyethylene 

containers (Eagle-Picher®). The containers were rinsed with stream water and then filled. The 

samples were kept on ice (at or near 4° C) until arrival at the laboratory (Aquatech, Marion, Ohio). 

At the laboratory the samples were filtered through a 0.45 11m filter to obtain samples for 

dissolved measurements. Water samples from the first sampling effort (April 23 to 24) were not 

analyzed for total metals (prior to filtration); samples collected during the second and third 

sampling efforts were analyzed for dissolved and total metals. Analysis was completed using 

EPA method 200.7/6010 (Inductively Coupled Plasma Emission- ICP). Samples were analyzed 

for 22 metals (see Chapter 3.0, Results). 

Sediment samples were collected by scooping material from the stream bottom by hand with 

heavy, rubber gloves. At each site the gloves were thoroughly cleaned with site water, prior to 

collection of the sample. Samples were placed in wide-mouth, high-density polyethylene jars or 

Ziploc® bags. Sediment samples were kept on ice (at or near 4 o C) until analysis at the 

laboratory (Aquatech, Marion, Ohio). Sediment samples were analyzed for the same metals as 

the water samples, also using ICP, following digestion. All analytical samples were labeled with 

the site designation, stream name, date, and type of sample. 

Duplicate water and sediment samples were collected. Data were analyzed by determining the 

mean value of each parameter. If a metal concentration for one duplicate was below the method 

detection limit, but the other duplicate had a detectable concentration, then the below detection 

duplicate was assigned a value of 1/2 the detection limit. 
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Samples Collected and Analyses Performed at Selected Sites 
Near the Vickery, Ohio, Facility 
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US-1 April 23-24 X X X X 

US-1 April 2S-30 X X 

US-1 May 13 X 

US-1 June 2-3 X X X X X 

DS-1 April 23-24 X X X X 

DS-1 April 29-30 X X 

DS-1 May 17 X 

DS-1 June 2-3 X X X X X 

DS-1A June 2-3 X X X X 
f\) 

0, DS-2 April 23-24 X X X X 

DS-2 April 2S-30 X X 

DS-2 May 13 X 

DS-2 June 2-3 X X X X 

DS-3 April 23-24 X X X X ' 
DS-3 April 29-30 X X 

DS-3 May 13 X 

DS-3 June 2-3 X X x-
M-1 April 23-24 X X 

M-1 April 29-30 X X 

1 Fish kill surveys were actually completed by counting dead fish In several sections of the impacted creeks. 



2.4 Biological 

The health of aquatic ecosystems, either under normal conditions or following an acute impact, 
is typically assessed using analytical chemistry and toxicity tests. These aspects of this study 
have been addressed in Sections 2.3 and 2.5. The Ohio EPA recommends targeted sampling 
of both the fish and benthic macroinvertebrate communities (Ohio EPA 1987). Fish and 
macroinvertebrates inhabit receiving waters continuously and are a reflection of the chemical, I 
physical, and biological history of the receiving waters. The Biological Criteria documents 
(Volumes 1 through 3) are designed to examine the continuous conditions of a water body, and 
do not specifically address impacts of an unanticipated spill (Ohio EPA 1987). Therefore, some I 
methodologies suggested are not applicable to the Vickery spill (e.g., use of artificial substrates 
for the collection of benthic macroinvertebrates). 

2.4.1 Fish Kill Survey 

Fish kill surveys were conducted in Meyer's Ditch, Little Raccoon Creek, and Raccoon Creek on 
April 23 and 24. The method used to count dead fish varied depending on the size and length 
of the three streams, as well as access restrictions. Since Meyer's Ditch was relatively small and 
the length affected by the leak was about 1.5 miles, the lower 1 mile of this stream was walked 
on April 22 and examined for dead fish. In contrast, Raccoon Creek was surveyed by boat 
because the stream was quite deep and shoreline access was limited. The entire shoreline area 
was surveyed for dead fish along both banks from its confluence with Little Raccoon Creek and 
Lake Erie. 

The counting method used in Little Raccoon Creek was a transect procedure recommended for 
narrow streams by the American Fisheries Society (1982). The procedure involved dividing the 
3-mile study area in Little Raccoon Creek into 0.5-mile sections. Initial measurements on-site 
estimated the Little Raccoon segment to be about 3.5 miles. Subsequent, more accurate 
measurements indicated the segment was 3.0 miles. Therefore, all dead fish were counted in 
one 1 00-yard segment within each 0.5-mile section in the upper 2.5 miles of Little Raccoon 
Creek; and two segments in the lower portion of the creek Gust upstream of its confluence with 
Raccoon Creek). The initial1 00-yard segment was randomly selected in the downstream portion 
of the stream. Subsequent 1 00-yard segments were selected at approximate 0.5-mile intervals. 
The exact location of the segments also depended on landowner's permission. In total, seven 
1 00-yard segments were counted for dead fish (numbered 1 through 7 in Figure 2-1). All dead 
fish within each 100-yard segment were counted on April 24 by walking the streambanks. The 
numbers and length of fish were recorded in a field notebook. The total fish counts for the 
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seven, 1 00-yard segments were expanded to the entire 3.0 miles in Little Raccoon Creek by the 

following formula: 

E = (1 ,760 yards/mile) T /L 

Where: E = expansion factor 

T = total length affected by leak (3.0 miles) 

L = sum of the lengths of the counting segments (700 yards) .. 

The expansion factor was multiplied by the counts for each species to estimate the total number 

of dead fish for the 3.0 miles in Little Raccoon Creek. 

On the initial day of the leak and during the fish kill counts, dead fish were collected and frozen 

for potential use in tissue analyses. The fish are being held at ENSR's laboratory in Fort Collins. 

2.4.2 Benthic Macroinvertebrates 

Benthic macroinvertebrates are those organisms living in or on the substrate of a lake or, in this 

case, a stream. These organisms can be insects (e.g., midge larvae) or other invertebrates (e.g., 

crayfish or worms). In order to assess the impacts on the benthic community, quantitative 

samples were obtained from the four sites in Little Raccoon Creek within approximately 5 weeks 

of the material leak. These sites included US-1, DS-1, DS-1 A, and DS-2. 

At each site, four replicate samples were collected using a petite Ponar dredge (grab). The grab 

samples were placed into a bucket with a brass grid in the bottom; large rocks or other debris 

were checked for organisms and removed. Excess sediment was rinsed out of the bottom of 

the bucket. All captured organisms and remaining debris were placed in a wide-mouth jar and 

preserved with 5 to 10 percent buffered formalin. 

In the laboratory, all samples were picked and sorted, and organisms placed in 70 percent 

isopropanol. Identification and enumeration of macroinvertebrates were performed by Mr. Henry 

Zimmerman, a taxonomist located in Fort Collins, Colorado. Organisms will be identified to the 

Lowest Practical Taxon (LPT). Community parameters calculated for this study include: density 

(# jm"'), number of taxa, Shannon diversity, and Shannon evenness (Shannon diversity and 

evenness were calculated using the natural log). In addition to these parameters, the 

Invertebrate Community Index (ICI) also was computed according to Ohio EPA (1987). Statistical 

analyses were performed on densities, number of taxa, Shannon diversity, and evenness at the 
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upstream and downstream locations using analysis of variance and Tukey's multiple range test 

(a = 0.05). 

2.4.3 Fish Population Survey 

A fish survey was conducted on June 2, 1993, to determine the relative impact of the leak on fish 

composition and relative abundance. Since most of the dead fish were observed in Little 

Raccoon Creek, this stream was emphasized in the survey. Four sample locations were 

surveyed in Little Raccoon Creek, which included upstream of the confluence with Meyer's Ditch 

(reference site, US-1), downstream of the confluence with Meyer's Ditch (DS-1), upstream of the 

Route 6 Bridge (DS-1 A), and about 100 feet upstream with the confluence with Raccoon Creek 

(DS-2). The survey was conducted using a backpack electroshocker (Smith-Root) in a 1 00-foot 

section at each location. A two-pass removal method was used to estimate fish numbers at 

each location (Seber and LeCren 1967). Equal effort was used for each pass at each site. 

The following equation was used for estimating populations of the most abundant species (or 

taxonomic groups, i.e., minnows) and total fish at each site: 

u, 
N = ---'--

1-(U.)U1) 

Where: N = population estimate; 

U1 = number of fish removed on the first pass; and 

U2 ·= number of fish removed on the second pass. 

For comparative purposes, abundance data were expressed as a consistent density measure 

(e.g., fish per acre [ac]). The estimated probability of capture (p) on each pass was calculated 

for estimated populations using the following equation: 

p = 1-(U2 /U1) 

Probability of capture values in this study varied depending upon the sampling location. 

Sampling at US-1 showed a probability of capture of 1, while values at the other locations were 

0.67 at DS-1, 0.73 at DS-1A, and 0.72 at DS-2. Probability of capture values less than 0.80 

indicate that, because of lower sampling efficiency, the population estimate is of lower accuracy. 
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Three biologists electrofished the stream by walking slowly upstream and collecting any stunned 

fish. All fish were identified and enumerated; non-minnow species, such as white sucker or 

green sunfish, were measured for total length in millimeters and weighed in grams. All fish were 

examined externally for evidence of disease or parasites. All fish were returned to the stream 

after field processing. The number and percent composition of fish were presented for each 

location. To allow useful comparisons to the reference site, the effort at each site was the same, 

especially in terms of the length of the sampling. 

In conjunction with the fish sampling, a general characterization of macrohabitat features was 

made at the four sampling locations following the Ohio EPA's (1987) Qualitative Habitat 

Evaluation Index (QHEI) procedure. The QHEI requires data on substrate, instream cover, 

channel morphology, riparian zone and bank erosion, pool or riffle quality, and riffle/run depth. 

The reason for including the QHEI with the fish survey was to document whether habitat 

characteristics are contributing to possible differences in fish communities at the four sampling 

locations. 

2.5 Toxicity Testing 

2.5.1 Water 

Samples for toxicity testing were collected in new, 2.5-gallon cubitainers (two from each site), 

which were rinsed with site water before being filled. The cubitainers were labeled appropriately 

and kept on ice at or near 4°C until arrival at ENSR Consulting and Engineering's Fort Collins 

Environmental Toxicology Laboratory (FCETL) in Fort Collins, Colorado. Upon arrival, the 

samples were logged in and stored at 4 o C until initiation of toxicity testing. For each of the four 

samples, chronic tests were performed using the water flea (Ceriodaphnia dubia) and the fathead 

minnow (Pimephales promelas). The tests were conducted using standard U.S. Environmental 

Protection Agency (EPA) (1989) methods. 

Due to a shipping error, water from site DS-1 was not collected on May 13 for the second round 

of toxicity testing along with water from the other sites. Water from this site was collected on 

May 17 and shipped to the FCETL. 

At the end of the testing period (J days for Pimephales promelas and 5 to 8 days for 

Ceriodaphnia dubia, depending on organism reproductive performance), data were analyzed 

using appropriate parametric or non parametric statistical methods (c< =0.05) depending on 

whether the data met normality and variance assumptions (c< =0.01). Parameters calculated 

include: 48-hour LC50 , NOEC, and IC25 . The 48-hour LC50 is an acute endpoint that measures 
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the Lethal Concentration at which 50 percent of organisms die after 48 hours. The NOEC is the 

No Observable Effect Concentration, and is the concentration at which there is no significant fil 
difference ·from the cor,trol at the end of a chronic test. Finally; the IC25 is the Impact 

Concentration representing the concentration at which there is a 25 percent reduction in 

organism performance at the end of a chronic test. fii 
2.5.2 Sediment 

To determine if sediments downstream of Meyer's Ditch display significantly greater toxicity than 

upstream sediments, toxicity tests were performed using the amphipod, Hyalel/a azteca. 

Sediments were collected at US-1, DS-1, and DS-2 in clean, 4-liter jars to correspond with the 

biotic sampling (on June 3). The sediment samples were labeled appropriately, placed on ice, 

and shipped to the FCETL in Fort Collins, Colorado. Testing was conducted on 100 percent 

stream sediment and a reference sediment using the American Society of Testing and Materials 

(ASTM) standard methods (1992). The endpoints examined were organism survival and 

significant difference from the reference sediment (a clean, laboratory sediment) and upstream 

control sediment (US-1). 
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3.0 RESULTS 

3.1 Chemistry 

3.i.i Water 

Several parameters were not detected in the water samples in either their total or dissolved 

forms: aluminum, barium, calcium, iron, potassium, magnesium, manganese, sodium, and zinc 

(Table 3-i). The lack of detectable levels of metals, however, may be due more to the method 

detection limit than to the actual absence of the material in the water. The method detection limit 

for several metals using ICP is higher than what could be detected using other techniques and, 

in fact, is higher than levels that may produce toxic responses. For example; the detection limit 

for selenium was 70 JJf;J/L using ICP. However, the EPA acute and chronic. criteria (EPA 1991) 

for the protection of aquatic life are 20 and 5 JJfJ/L, respectively. Therefore, selenium could still 

be present in the water column at toxic levels, but not be detected using ICP. High levels of 

some metals in the sediment (see Section 3.1.2) support this possibility. Discussion, however, 

will be limited to those materials that were detected in the water column. In some cases, total 

concentrations were higher than dissolved forms; for most parameters, however, there was little 

difference between dissolved and total forms, indicating \hat much of the material was 

bioavailable. Because it is the dissolved form that is bioavailable and thus potentially toxic, 

discussion will be further limited to dissolved concentrations. 

For several metals the EPA chronic and acute criteria were calculated and compared to 

measured concentrations. Since metal toxicity is often related to the hardness of the water, with 

toxicity decreasing with increasing hardness, it was necessary to calculate site-specific metal 

criteria for manganese, lead, and zinc. Samples collected on April 23 showed hardness values 

ranging from 382 to 452 mg/L as CaC03 • Samples collected on May 13 showed higher 

hardness values, ranging up to 680 mg/L. These values were similar to what was measured by 

Chemical Waste Management . Since hardness of the stream water at the time of the spill was 

probably closer to the April values, criteria were calculated using a hardness of 400 mg/L as 

CaC03 to represent an average of the various measurements. 

Zinc. Zinc was one of only two metals measured at very high concentrations during the first 

sampling period (Figure 3-1). The measured concentration at DS-2 was nearly 3 mg/L dissolved 

zinc, and the concentration at DS-3 was nearly 2 mgjl. There were also detectable levels of zinc 

at both US-1 and DS- I, although these levels were below both the acute and chronic criteria. 
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Apr29 

Jun 03 

Matrix 

Water 

Water 

Water 

Water 

Water 

Sediment 

Sediment 

Sediment 

Water 

Water 

Water 
Water 

Water 

Sediment 

Sediment 

Sediment 

Water 
Water 

Sediment 
Water 

Water 

Water 

Water 

Water 
Sediment 

Sediment 

Sediment 

Form 

Diss 

Diss 

Diss 

Total 

Total 

Total 

Total 

Total 

Diss 

Diss 

Diss 
Total 

Total 
Total 

Total 

Total 

Diss 
Total 

Total 
Diss 

Diss 

Diss 

Total 

Total 
Total 

Total 

Total 

Table 3-1 

Mean Concentrations (ppm) of All Analytes 

Ag AI 

0 0 
0 0.08 

0 0.19 

0 0.735 

0 0.435 

0 8400 

0 6250 

0 6055 

0 0 
0 0 
0 0.195 
0 0.745 

0 0.455 
0 6745 

0 10850 

0 10575 

0 0.345 
0 0.515 

0 13450 
0 0 
0 0.12 

0 0.37 

0 2.745 

0 1.015 

0 17350 

0 12500 

As Ba 

0 0.04 

0 0.035 

0 0.049 

0 0.04 

0 0.054 

Be Ca 

0 117 

0 128.5 

0 214.5 

0 135 

0 227.5 

92 64.5 0.45 12935 

0 56 0.325 11500 

15 62.5 0.45 6400 

0 0.03 0 109 

0 0.03 
0 0.048 

0 0.04 
0 0.052 

120 70 

0 145 

37 162.5 

0 0.053 
0 0.072 

20 75 

0 0.035 

0 0.05 
0 0.041 

0 0.05 

0 0.046 

174 

10 

111 

89 

0 124.5 

0 211.5 
0 137 

0 218 

0.55 7200 

0. 7 8800 

0.85 13950 

0 210 
0 254 

0.8 34050 
0 104.5 

0 108 

0 183.5 

0 99.3 

0 193 

1.05 6350 

0 17550 28.75 103 

0.85 10400 
1.15 10265 

Cd 
0 
0 

0 
0 
0 

0.7 
0 

0 
0 
0 
0 
0 
0 
0 

0.525 

0.275 

0 
0 
0 
0 
0 

0 
0 

0 
0 

0 
0 

Co Cr 
0 0 
0 0 
0 0 
0 0 
0 0 

13 10 

13.5 10 

13.5 9.5 

0 0 
0 0 
0 0.007 

0 0 
0 0 

12 26.5 

32 21 

30.5 15 

0 0 
0 

11 
0 
0 

0 
0 

0 
16.5 

19.5 

18.5 

0 
71 

0 
0 

0 
0 

0 
20 

23.5 
24.5 

Cu Fe Hg 

0 0 0 

0 0 0 
0 0.142 0 

0 0.51 0 

0 0.332 0 

15.5 19450 0 

14 17500 0 

12.5 15350 0 

0 

0 

0 
0 

0 
0 

0 0.193 0 

0 0.525 0 

0 0.365 0 

17.5 21100 0 

23.5 28850 0.04 

75 36300 0.035 

0 0.408 0 

0 0.495 
23 21250 

0 0 
0 0 
0 0.466 
0 3.235 

0 0.859 

0 
0.095 

0 
0 
0 
0 
0 

21.5 32300 0 

21.5 31150 0.085 

26 32150 0.145 

Note: Zeros are below detection. Some non detects were assigned a value of 1/2 the detection limit for calculation of means. 

- ,.... 1!11111!1 Jll!!!l!ll ~ ... ... ~ II!J!!!J ~ .. ~ Mk lji.£\ll 1{'1';5J.. .. m a~ 



~ r= ·= -- •• '11&'1 - -- ·- -- -- - - -- 1M .. 'IG:III( llillllil 

Table 3-1 \..;ontlnued) 

Station Date Matrix Form Ag AI As Ba Be Ca Cd Co Cr Cu Fe Hg 

DS3 Apr 23 Water Diss 0 0 0 0.04 0 117.5 0 0 0 0 0 0 

DS3 Apr 29 Water Diss 0 0.075 0 0.04 0 120 0 0 0 0 0 0 

DS3 Jun 03 Water Diss 0 0.58 0 0.062 0 203 0 0 0 0 0.781 0 

DS3 Apr 29 Water Total 0 1.905 0 0.04 0 111 0 0 0 0 2.465 0 

DS3 Jun 03 Water Total 0 1 .06 0 0.057 0 171.5 0 0 0 0 1.365 0 

DS3 Apr29 Sediment Total 0 8400 0 51 0 39500 0 10 13 16.5 19050 0.05 

DS3 Jun 03 Sediment Total 0 10635 22 59 0.55 40650 0 10 15 20.5 20600 0.08 

M1 Apr 29 Water Diss 0 0.08 0 0.03 0 86.3 0 0 0 0 0 0 

M1 Apr29 Water Total 0 0.99 0 0.04 0 88.95 0 0 0 0 0.765 0 

M1 Apr 23 Sediment Total 0 12600 137 132 0.85 8500 0 30.5 18 22.5 30450 0 

M1 Apr 29 Sediment Total 0 10200 0 125 0.7 7300 0 27.5 33.5 23.5 25300 0 

0) 

' 0) 

Note: Zeros are below detection. Some nondetects were assigned a value of 112 the detection limit for calculation of means. 
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Station 
US1 

US1 
US1 

US1 
US1 
US1 
US1 
US1 

DS1 
DS1 
DS1 
DS1 
DS1 
DS1 
DS1 
DS1 

DS1A 
DS1A 
DS1A 

DS2 
DS2 
DS2 

DS2 

DS2 
DS2 
DS2 
DS2 

Date 

Apr 23 

Apr 29 

Jun 03 
Apr29 

Jun 03 
Apr 23 
Apr 29 
Jun 03 

Apr 23 
Apr 29 

Jun 03 
Apr 29 
Jun 03 
Apr 23 
Apr 29 
Jun 03 
Jun 03 

Jun 03 
Jun 03 
Apr 23 

Apr 29 
Jun 03 

Apr 29 

Jun 03 
Apr 23 

Matrix 

Water 

Water 

Water 
Water 
Water 

Sediment 
Sediment 
Sediment 

Water 
Water 

Water 
Water 
Water 

Sediment 
Sediment 
Sediment 

Water 
Water 

Sediment 
Water 

Water 
Water 

Water 

Water 
Sediment 

Form 

Diss 

Diss 

Diss 
Total 
Total 
Total 
Total 
Total 
Diss 
Diss 
Diss 

Total 
Total 
Total 
Total 
Total 
Diss 

Total 
Total 
Diss 
Diss 
Diss 

Total 

Total 
Total 

Apr 29 Sediment Total 
Jun 03 Sediment Total 

Table 3-1 (Continued) 

K Mg Mn Na 

3.4 29.2 0.04 24.25 

3.35 33.05 0.05 22.65 

5.9 35.?5 0.093 27.7 

3.5 34.7 0.06 23.55 

6 37.45 0.101 28.55 

795 5360 680 126.5 
3850 745 145 700 

821.5 

3.1 

2755 915.5 146.5 

29.05 0.06 24.75 

3.2 31.7 0.05 21.75 

5.85 35.65 0.098 27.55 

3.8 35.3 0.06 23.8 

6.05 36.35 0.102 28 

965 4550 553.5 135 
1200 
1257 

4850 
5085 

5.1 38.35 
5.05 47.8 

2400 6575 
3.45 27.65 

3.4 31.1 

1900 1 65 
2220 167.5 

0,105 40.35 

0.138 37.4 
362 378.5 

0.56 26.15 
0.135 23.3 

5.45 31.75 0.084 46.45 

3.45 29.25 0.155 22.25 

6.1 33.25 0.092 48.45 

1305 5150 330 173 

1400 5700 395 310 
2310 6690 388.5 250.5 

Ni Pb 

0 0 
0 0.06 

0 0 
0 0 
0 0 

21.5 13 
21 15 

22.5 15 

0 0 
0 0.065 
0 0 
0 0 
0 0 

24.5 12.5 
44.5 35.5 

40 19.5 
0 0 
0 0 

24 11 .5 
0.1 0 

0 0.035 

0 
0 
0 

0 

0 
0 

17 

Se 
0 
0 
0 
0 
0 

65.5 
0 

15 
0 
0 

0 
0 
0 

69.5 
0 
8 
0 
0 
0 

0 
0 
0 

0 

0 
109 31 

37 
36 

25 10 
21 8.225 

Sb 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

8.5 
0 

Tl 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0' 

0 
10 

0 

V Zn 

0 0.037 

0 0.02 

0 0.026 

0 0 
0 0 

17 47.5 
16 45 
20 46 

0 0.07 

0 0.012 
0 0 
0 0 
0 0 

19 71 .5 
28 95.5 
35 71 

0 0.009 

0 0 
31 180 

0 3 
0 0.012 

0 0 
0 0.03 

0 
28 

0 

80 
25 116.5 

42.5 109.5 

Note: Zeros are below detection. Some nondetects were assigned a value of 1/2 the detection limit for calculation of means. 
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Table 3-1 (Continued) 

Station Date Matrix Form K Mg Mn Na Ni Pb Se Sb Tl v Zn 
DS3 Apr 23 Water Diss 4.1 25.85 0.315 30.95 0.065 0 0 0 0 0 2.01 
DS3 Apr 29 Water Diss 3.6 27.35 0.07 30 0 0.03 0 0 0 0 0 
DS3 Jun 03 Water Diss 6.4 36.9 0.151 54.65 0 0 0 0 o· 0 0 
DS3 Apr29 Water Total 4 25.45 0.095 28.65 0 0 0 0 0 0 0.025 
DS3 Jun 03 Water Total 5.8 30.8 0.132 47.1 0 0 0 0 0 0 0.01 
DS3 Apr 29 Sediment Total 955 8000 215 335 23 12.5 0 0 0 14.5 116 
DS3 Jun 03 Sediment Total 1300 11835 240 225 23 10 4 0 0 24 63.5 
M1 Apr29 Water Diss 1.95 34.85 0.01 23.4 0 0.195 0 0 0 0 0.012 
M1 Apr 29 Water Total 2.3 36.05 0.11 23.8 0 0 0 0 0 0 0.1 
M1 Apr 23 Sediment Total 1145 5700 1860 164 40.5 24.5 99.5 0 0 31 102 
M1 Apr 29 Sediment Total 990 4800 1650 245 42 29.5 0 0 0 24.5 135 

w u, 

Nole: Zeros are below detection. Some nondetects were assigned a value of 1/2 the detection limit for calculation of means. 
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Figure 3-1. Mean concentration of dissolved zinc in water samples collected 
at six sites on three dates following the spill. 
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Samples collected during the second and third sampling rounds showed very low or 
undetectable levels of zinc. 

Manganese. Uke zinc, manganese concentrations in water samples collected on April 23 were 
much higher at DS-2 and DS-3 compared to concentrations at US-1 or DS-1 (Figure 3-2). Also, 
like zinc, the concentrations decreased dramatically during the second and third sampling 
rounds. Despite these elevated levels of manganese, the concentrations were still below the 
estimated criteria (acute = 2.5 mgjL; chronic = 2.1 mg/L). These criteria were calculated at 
ENSR using EPA methods. 

Lead. Lead was the only metal measured that showed higher dissolved concentrations in 
samples collected during the second sampling period (April 29) (Figure 3-3). The level in the 
water samples collected at M-1 was in excess of 0.19 mg/L, which was well above the EPA 
chronic criterion of 0.0185 mg/L at a hardness of 400 mg/L While lead conc;:entrations at DS-1, 
DS-2, and DS-3 were also high, so was the dissolved lead concentration measured at US-1. 
Therefore, some of the lead may be coming from another source. 

Aluminum. Aluminum was highest during the third sampling period (Figure 3-4), with the highest 
levels being found at DS-3. Concentrations at US-1 were measurable, although lower than at 
the other sites. Aluminum was undetectable during the first sampling period. No measured 
concentrations, however, were above the EPA acute and chronic criteria (for pH between 6.5 and 
9.0) of 1.496 and 0.748 mg/L. 

For other metals that were detected in the water column samples, concentrations were often 
higher in the third sampling period (e.g., iron, magnesium, sodium). This may be due to the low 
water conditions that resulted in a concentrating effect on ions. For most of the materials, 
concentrations at US-1, the upstream reference site, were neither consistently higher nor lower 
than at the downstream sites. 

3.1.2 Sediment 

Nearly all metals for which analysis was performed were detected in sediments (Table 3-1). 
Silver was not detected, and cadmium, antimony, and titanium were detected in only a few 
samples. Several metals were present at higher concentrations at the downstream sites than 
at the upstream reference site (US-1). Those include zinc (Figure 3-5), vanadium (Figure 3-6), 
and nickel (Figure 3-7). The concentration of lead at US-1 was slightly higher than at DS-1 in 
samples collected on April 23, but concentrations were higher at DS-2, and even higher at M-1 

1 413-013-200 August 1993 

3-7 
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Figure 3-2. Mean concentration of dissolved manganese in water samples collected 

at six sites on three dates following the spill. 
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Figure 3-3. Mean concentration of dissolved lead in water samples collected 

at six sites on three dates following the spill. 
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Figure 3-4. Mean concentration of dissolved aluminum in water samples collected 

at six sites on three dates following the spill. 
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Figure 3-5. Mean concentration of zinc in sediment samples collected 

at six sites on three dates following the spill. 
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Figure 3-6. Mean concentration of vanadium in sediment samples collected 

at six sites on three dates following the spill. 
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Figure 3-7. Mean concentration of nickel in sediment samples collected 

at six sites on three dates following the spill. 
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(Meyer's Ditch) (Figure 3-8). Concentrations of selenium in the sediment were notably higher 

at all sites during the first sampling period, and decreased dramatically in samples collected 

during the followup sampling (Figure 3-9). While concentrations at US-1 remained fairly constant 

throughout all three sampling periods, sediment concentrations at the downstream sites and 

Meyer's Ditch changed over the course of the study (see Figures 3-5 and 3-6). These changes 

could be due to resuspension, mixing, and resettling of sediments that can be caused by rainfall 

and an increase in flows and turbulence in streams. The higher concentration of zinc in the 

sediments corresponds to the higher levels of zinc in the water column (Figure 3-1). However, 

high levels of other metals in the sediment (such as selenium) suggest that these metals may 

also have been at toxic levels in the water, but were not detected due to relatively high method 

detection levels. 

3.2 Biological 

3.2. "1 Fish Kill 

Fish kill counts in Meyer's Ditch and Raccoon Creek indicated that few dead were observed after 

the acidic material leak. A ground reconnaissance conducted along the entire length of Meyer's 

Ditch revealed only one dead minnow. A shoreline boat survey in Raccoon Creek from its 

confluence with Little Raccoon Creek and Lake Erie resulted in 10 dead carp. Since dead carp 

also were observed by Brent Kuenzli from the Ohio Environmental Protection Agency (Ohio EPA) 

during a drive along Pickerel Creek, which was not affected by the leak, the dead carp in 

Raccoon Creek may have resulted from natural causes. If the acidic material had affected fish 

in Raccoon Creek, it is expected that considerably more fish would have been observed during 

the survey. 

The estimated number of dead fish in Little Raccoon Creek is presented in Table 3-2. By 

extrapolating the counts in the seven 1 00-yard segments to the entire 3-mile section of Little 

Raccoon Creek, an estimated 555 dead fish were present in the study area. The most abundant 

species in the fish kill estimates included creek chub (Semoti/us atromaculatus) (195), minnows 

(Family Cyprinidae) (188), and white sucker (Catostomus commersom) (142). In addition, 

30 dead green sunfish (Lepomis cyanel/us) were present in Little Raccoon Creek. When 

examining the fish kill counts by individual segments (Figure 2-1; Appendix A, Table A-1), the 

majority of the dead fish were observed in segments 3, 4, and 5. None of the species observed 

in the fish kill counts are considered to be gamefish species by Ohio DNR. 

H13-013-200 
AUgusl1993 
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Figure 3-8. Mean concentration of lead in sediment samples collected 
at six sites on three dates following the spill. 
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at six sites on three dates following the spill. 
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White Sucker 

Table 3-2 

Estimated Total Number of Fish 
Killed in Little Raccoon Creek 

1 to 3 inches 2 2 X 7.5 = 15 
4 to 6 inches 5 5 X 7.5 = 37.5 = 37 
> 12 inches 12 12 X 7.5 =00.. 

142 

Green Sunfish 2 inches 3 3 X 7.5 = 22.5 
3 inches 1 1 X 7.5 = 7.5 

Minnows Not measured 25 25 X 7.5 = 188 

Creek Chub Not measured 26 26 X 7.5 .= 195 

'Total number of dead fish observed in the seven 1 00-yard segments. 

2Fish kill estimate was calculated using the following 'estimate factor": 

Estimate Factor (E) = 1,760 yards xI 
L 

Where: T = Total Length of Stream Affected by Spill. 
L = Total Length of Transects Examined. 

E = 1 ,760 yards x 3 miles 
700 yards 

Where: E = 7.5 
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3.2.2 Benthic Macroinvertebrates 

Most of the organisms collected in Little Raccoon Creek were pollution-tolerant organisms, with 

tolerance quotients of 108 (USDA 1985) (Table 3·3). Two of the most abundant organisms, 

Umnodrilus hoffmeisteri, a tubificid worm, and Chironomus sp., a dipteran midge, are commonly 

found in soft sediments from both !otic (flowing water) and lentic (lakes and ponds) systems. 

Macroinvertebrate densities ranged from 1,347 organismsjm2 at DS·2 to 4,730 organismsjm2 

at DS-1 (Figure 3-1 O). The mean density at the reference location (US-1) was 1 ,724 

organismsjm2
• The total number of taxa ranged from 7 at DS-2 to 13 at DS-1A (Figure 3-11). 

The number of taxa does not include empty shells of fingernail clams (Sphaeriidae) and 

gastropods that were collected in the grab samples. Empty Unionid (large freshwater clams) 

were also observed along Little Raccoon Creek during the initial visit to the site, suggesting a 

clam population at some point in the past. There were no significant differences in either density 

or number of taxa among the sites. 

Additional information regarding the macroinvertebrate community structure at the four locations 

was provided by Shannon Diversity and Evenness. Both Shannon Diversity and Evenness were 

highest at US-1 (Figures 3-12 and 3-13). These differences in the indices are primarily a result 

of changes in the composition of the benthic community at sites DS-1 and DS-1 A, and the 

densities of specific taxa. At DS-1, tor example, Umnodrifus hoffmeisteri and Chironomus sp. 

comprised over 85 percent of the total density. At US-1, on the other hand, L. hoffmeisteri 

comprised only 36 percent of the total density and Chironomus sp. was absent. Some species 

identified at US-1 were not identified at either DS-1 or DS-1 A. Those include Cricotopus 

bicinctus, C. tremufus, and Ephydridae. Neither amphipods nor isopods were collected at DS-1. 

Statistical analysis (a= 0.05) showed that Shannon Evenness was significantly lower at DS-1, 

when compared' to US-1. 

Based on computations of Invertebrate Community Indices according to Ohio EPA (1987), 

macroinvertebrate communities in Little Raccoon Creek are considered to be low quality. Total 

scores for the four locations ranged from 0 at DS-2 to 4 at US-1 (Table 3-4). The slightly higher 

score at the reference location was due to the presence of Tribe Tanytarsini midges. However, 

the slightly higher score at the reference site does not indicate a substantially higher quality 

community at this location compared to the downstream locations. 
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Table 3-3 

Mean Benthic Macroinvertebrate Densities 
Collected in Little Raccoon Creek Using a Petite Ponar Grab .. ;: 

Oligochaeta 

Naididae 

Nws sp_._ 96.98 32.33 64.65 

Tubificidae 

Umnodrilus hoffmeisteri 614.18 3588.08 355.58 312.48 

Terrestrial Earthworms 53.88 

Hirudinea 

Glossiphonidae 21.55 

Amphipoda 

Gammaridae 

Gammarus sp. 10.78 96.98 

Asel!idae 

Ase/lus sp. 21.55 21.55 150.85 

Ephemeroptera 

Hexagenia sp. 75.43 

Odonata 

Ubellulidae 

Plathemis sp. 10.78 

Coleoptera 

Oytiscidae 

Oeronectes sp. 10.78 

Diptera 

Ceratopogonidae 10.78 21.55 10.78 

Chironomidae 

Chironomus sp. 441.78 1282.23 635.73 
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Table 3-3 (Continued) 

Cryptochironomus sp. 247.83 118.53 43.10 96.98 

Proc!a'dius sp. 323.25 64.65 

258.60 75.43 

Ephydridae 43.10 

Gastropoda2 

Pelecypoda 

Sphaeriidae2 

150.85 53.88 43.10 I 

Total Mean Density: 1724.00 4730.23 2111.90 1348.88 I 
Total Number of Taxa: 10 9 13 7 

Shannon Diversity Jndex3: 1.82 0.95 1.45 1.49 I 
Shannon Evenness Jndex3 : 0.79 0.43 0.57 0.77 

1 Mean density calculated for four replicatesj!ocation. 

2 Some empty shells were found. 

3 Calculated using Natural Log. 
I 

I 
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Figure 3-1 0. Mean density (Number/m 2 ) of benthic macro invertebrates collected 

at each station in Little Raccoon Creek. 
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Figure 3-11. Total number of benthic macro invertebrate taxa collected 

at each station in Little Raccoon Creek. 
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Figure 3-12. Shannon diversity of benthic macroinvertebrate populations 

collected at each station in Little Raccoon Creek. 
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Figure 3-13. Shannon evenness of benthic macro invertebrate populations 
collected at each station in Little Raccoon Creek. 
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Table 3-4 

Invertebrate Community Indices for Sampling Locations in Little Raccoon Creek 

I 

I 1. Total Number ofTaxa 10 0 9 0 13 0 7 0 

2. Total Number of Mayfly Taxa 0 0 0 0 0 0 0 

I 3. Total Number of Caddisfly Taxa 0 0 0 0 0 0 0 0 

4. T ota1 Number of Dipteran Taxa 6 0 5 0 4 0 4 0 

I 5. Percent Mayflies 0% 0 0% 0 0% 0 O% 0 

6. PerCBnt Caddisflies 0% 0 0% 0 oo' ;o 0 0% 0 

7. Percent Tribe Tanytarsini Midges 15% 4 2% 2 0% 0 0% 0 

8. Percent Other Dipterans and Non- 85% 0 98% 0 100% 0 100% 0 I 
Insects 

I 9. Percent Tole rant Organisms 49% 0 87% 0 79% 0 75% 0 

10. Total Number of Qualitative 0 0 0 0 0 0 0 

Ephemeroptera. Plecoptera, and 
Taxa I 

I 

I 
> 
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3.2.3 Fish Populations 

The relatively low water level in Little Raccoon Creek upstream of its confluence with Meyer's 

Ditch limited its use as a reference site for comparison with location DS-1. For this reason, the 

emphasis in this assessment was placed on the composition and abundance of fish populations 

at DS-1 and DS-1 A, where dead fish had been observed during the fish kill counts. 

Electrofishing surveys conducted in Little Raccoon Creek on June 2, 1993, resulted in a total of 

nine taxa from the four sampling locations (Table 3-5). The taxa belonged to four families, which 

included Cyprinidae (minnows and carp). Catostomidae (suckers), Cyprinidontidae (killifishes), 

and Centrarchidae (sunfishes). The majority of the taxa (five) belonged to Family Cyprinidae. 

In general, few taxa were collected at the sampling locations. Location DS-1 A contained the 

highest number of taxa with seven, while four taxa were collected at locations DS-1 and DS-2. 

The reference site, US-1, contained only two fish taxa. Fish distribution in Little Raccoon Creek 

was different depending on the species. Green sunfish, fathead minnow, and white sucker were 

found throughout most of the stream, since they were collected at three or four of the locations. 

The following species were collected only at one location: goldfish and orangespotted sunfish 

at DS-2, and blackstripe topminnow at DS-1 A. 

Population estimates in Little Raccoon Creek showed that moderate to high numbers offish were 

present. As shown in Table 3-6, the estimated number of fish per acre was 4,646 at DS-1 and 

34,902 at DS-1 A. The most abundant taxa at these two locations included minnmvs and green 

sunfish. Fish numbers at US-1 and DS-2 were considerably lower with estimates of 871 and 

1,694 fish per acre, respectively. 

Habitat chara'cterization studies conducted at the fish sampling locations provided information 

concerning the quality of habitat for aquatic communities. In general, the upper 2.5 miles of Little 

Raccoon Creek contain a relatively small amount of instream cover for fish (i.e., < 5 percent 

cover for US-1 and 5 to 25 percent for DS-1, DS-1A, and DS-2). The cover is provided by 

instream debris and woody material, root wads, and overhanging vegetation. The lower 0.5 mile 

of Little Raccoon Creek contains instream cover that comprises about 25 to 50 percent of the 

stream bottom. Bottom substrate in Little Raccoon Creek consists of silt, sand, detritus, and 

clay. Since gravel and cobble substrate are lacking in this stream, substrate does not provide 

additional fish cover. The four sampling sites also contained relatively shallow pools and glides; 

riffles were generally absent. The only notable difference in habitat characteristics at DS-1 A, 

where the highest fish numbers were collected, was that the pools and glides were deeper. 

Habitat characterization forms for studies conducted in Little Raccoon Creek are included in 

Appendix B. 
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Minnows and Carp 

Goldfish 

Brassy minnow 

Common shiner 

Fathead minnow 

Creek chub 

Suckers 

White sucker 

KHiifishes 

Table 3-5 

Fish Species Collected in Little Raccoon Creek 
on June 2, i 993 

Cyprinidae 

Carassius auratus 

Hybognathus hankinsoni 

Notropis comutus 

Pimephales prome!as X X 

Semotilus atromacu!atus X 

Catostomidae 

Catostomus commersoni X 

Cyprinodontidae 

Blackstripe topminnow Fundulus notatus 

Sunfishes Centrarchidae 

Green sunfish Lepomis cyanellus X X 

3-27 
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Goldfish 

Creek chub 

Minnows 

White sucker 

Green sunfish 

Table 3-6 

Fish Population Estimates for Sampling Locations 
in Little Raccoon Creek 

0 

0 

218 

0 

653 

0 

0 

2,831 

290 

1,307 

0 

2,505 

18,731 

2,178 

605 

0 

24 

48 

895 

'Total fish population was calculated from total fish collected in two passes using the Seber and 
LeCren (1967) method rather than the summation of population estimates for all taxa at a 
sampling location. 
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3.3 Toxicity Testing 

3.3.i Water Toxicity 

All of the water samples collected from the downstream sites (DS·1, DS-2, and DS-3) on April 

23 were acute and chronically toxic to Ceriodaphnia dubia (Table 3-7). After 48 hours, 

100 percent mortality was observed in water collected from these sites. Water collected from 

US-1 demonstrated a slight chronic effect, with an NOEC of 25 percent stream water. 

Less toxicity was observed in the fathead minnow tests. No toxicity was observed in water from 

US-1; no 48-hour acute toxicity was observed in the downstream samples. However, there was 

chronic toxicity in all downstream waters, with DS-1 showing the most toxicity to fathead 

minnows, and DS-3 showing the least. 

Toxicity was greatly reduced in samples collected on May 13 (May 17 from DS-1) (Table 3-7). 

Water from DS-1 still demonstrated some chronic toxicity to Ceriodaphnia dubia, and DS-2 water 

had an NOEC of 12.5 percent for fathead minnows. However, all acute toxicity had disappeared. 

The control survival (in laboratory water) in the fathead minnow test conducted with DS-3 water 

collected on May 13 was actually below the 80 percent EPA guideline. However, because 

survival was similar in all concentrations, this test was accepted as accurate refiection of water 

toxicity. 

3.3.2 Sediment Toxicity . 

Toxicity of sediment to the amphipod, Hyale!la azteca, is presented as percent survival 

(Table 3-8). Survival in the reference sediment was 95 percent, and survival at the three tested 

sites (US-1, DS-1 and DS-2) was significantly lower than that of the reference sediment. 

However, when compared against sediment from US-1, survival of Hyalel/a aztec a was not 

significantly lower at DS-1 and DS-2. Therefore, although sediments in Little Raccoon Creek may 

be toxic to the test organism, the test did not indicate that sediments downstream of Meyer's 

Ditch were any more toxic than sediments upstream of Meyer's Ditch . 

1413-{113-200 Augu.sl 1993 
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4S-H LC50
2 

NOEc" 

IC25 
4 

4S-H LC50 

NOEC 

IC2s 

4S-H LC50 

NOEC 

IC2s 

4S-H LC50 

NOEC 

IC2s 

Table 3-7 

Toxicity of Stream Water Collected on Two Dates from 

Little Raccoon and Raccoon Creeks 

Ceriodaphnia dubia 

April23 > 1005 <6.25 <6.25 

April 23 25 <6.25 <6.25 

April 23 > 100 1.6 1.6 

May 13 >100 > 100 >100 

May 13 100 6.25 100 

May 13 > 100 10.2 > 100 

Pimephales promelas 

April 23 > 100 > 100 > 100 

April 23 100 25 50 

April 23 > 100 31.7 39.4 

May 13 > 100 > 100 > 100 

May 13 100 100 12.5 

May 13 > 100 >100 100 

<6.25 

<6.25 

1.6 

>100 

100 

>100 

>100 

100 

94.0 

> 100 

100 

> 100 

1The second sample from OS-1 was actually collected on May 17; samples from other sites were collected on 

2The concentration a,t which 50 percent of the test organisms die. 

3No Observed Effects Concentration. 

4!mpact Concentration at which there is a 25 percent reduction in organism performance. 

SValue:. are presented as percent stream water; the lower the value, the more toxic the water. 
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Table 3-8 

Toxicity of Stream Sediment to Hyale//a azteca Collected from 

Uttle Raccoon Creek 

Reference Sediment 

US-1 {Control) 

DS-1 

DS-2 

95 

63 

48 

65 

3-31 

NA 

Yes 

Yes 

Yes 

NA 

NA 

No 

No 
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4.0 DISCUSSION 

Analytical chemistry results indicate that several metals were present in the sediments 

downstream of Meyer's Ditch at concentrations greater than what was seen at US-1, upstream 

of the confluence. For many of these metals, there were corresponding elevated levels in the 

water column, primarily in the dissolved, and therefore, bioavailable form. Since concentrations 

of some elements (e.g., selenium) were also apparently high at US-1, it is possible that some 

metals were present in stream sediments prior to the leak. However, the higher levels at the 

downstream sites in samples collected during the first sampling period indicate that some 

metals, at least, entered Uttle Raccoon Creek through Meyer's Ditch, probably during the leak. 

As the pH in Uttle Raccoon Creek increased following the initial release, metals in the water 

column precipitated onto sediments (as evidenced by the orange/red· precipitate found 

throughout Uttle Raccoon Creek). The concentrations measured in the sediments from later 

sampling periods, while still often high, were different from initial concentrations due, most likely, 

to one or more storm events which sent large volumes of turbulent water down the creek, thus 

remixing the existing sediments. 

Invertebrates, such as Ceriodaphnia dubia, are more sensitive to metals than are most 

vertebrates, such as the fathead minnow. Although this is also true of other toxicants, the 

presence of some dissolved metals (such as zinc) at toxic levels strongly suggests that it is, in 

fact, metal toxicity that affected the test organisms. High concentrations of metals in the 

sediment suggest that toxic concentrations of other metals, even though they were not detected 

with the analytical methods used, may have been present in the water column at the time the 

initial toxicity sample was collected. 

Following the rainstorm, and subsequent increases in flow, soon after the leak, concentrations 

of most metals in the water decreased, as did toxicity. Some metals, such as lead, were higher 

in the second set of analytical samples; some metals may have become resuspended after the 

rainstorm. However, it is also possible that lead, perhaps along with other materials, entered 

Uttle Raccoon Creek as nonpoint source runoff during the rainstorm. The presence of other 

materials, possibly nonmetals, may account for the few occurrences of chronic toxicity in the 

second set of toxicity samples, although those were collected 2 weeks later. 

There is no definitive evidence that benthic macroinvertebrate populations were adversely 

impacted by the leak. Density actually increased downstream of Meyer's Ditch and the number 

of taxa did not decrease significantly. However, the decrease in Shannon Diversity and 

1413-013-200 
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Evenness (which was significant) implies that population structure may have been affected. The 

extreme toxicity of the water soon after the leak could have had some effects on the benthic 

community,coand probably did affect, in some way, any zooplankton community that may have 

been supported by Little Raccoon and Raccoon Creeks. However, without having quantitative 

information on benthic populations prior to the leak, it is not possible to conclude that any 

differences in macroinvertebrate community structure are due to the acidic material leak. The 

absence of significant upstream/downstream differences in sediment toxicity indicate that 

conditions approximately 1 month following the spill were not hazardous to sediment-dwelling 

organisms. 

Regardless of the possible impacts of the spill, the benthic macro invertebrate communities of 

Little Raccoon Creek, both upstream and downstream of Meyer's Ditch, are typical of impacted 

streams. The taxa were pollution-tolerant, and many of the species are very common in polluted 

systems. The presence of weathered Unionid clam shells implies that the s~ream may have once 

supported a much healthier benthic community. However, any degradation occurred long before 

the April 1993 leak of acidic material. 

Observations made after the acidic material leak into the Raccoon Creek drainage indicated that 

fish were killed in the 3-mile section of Little Raccoon Creek between its confluences with 

Meyer's Ditch and Raccoon Creek. The fish kill counts in Little Raccoon Creek estimated that 

approximately 555 fish were killed by the leak. The majority of the fish observed in the fish kill 

counts were creek chub, minnows, and white sucker. Although some fish were killed due to the 

material leak, population studies conducted in Little Raccoon Creek indicated that moderate to 

high numbers of fish were still present in the stream. The only notable change in the post-leak 

fish populati9n study was that large-sized white suckers were not present. Large white sucker 

will likely return to Little Raccoon Creek during high water periods prior to spawning in the next 

several years. Typically, this species moves into small tributary streams to spawn and then 

returns to larger streams later in the year. 
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5.0 CONCLUSIONS 

S.i Chemistry 

The following conclusions were made regarding the effects of the acidic material leak on water 

and sediment chemistry: 

5.2 

• Certain metals, in toxic amounts, were released into Uttle Raccoon Creek as a result 

of the acidic material leak. Zinc, and possibly selenium, manganese, and other metals 

were present in a bioavailable form in the water column; 

• Sediments contained high levels of several metals; concentrations were generally higher 

downstream of the confluence with Meyer's Ditch; and 

• Dissolved concentrations of previously toxic materials decreased in the second and third 

sampling periods. Concentrations of some materials increased, particularly during the 

third sampling period. This may be due to the concentration of ions during /ow-water 

conditions. 

Toxicity 

The following conclusions were made regarding the toxicity of the stream water and sediment 

on test organisms: 

• Water collected at downstream stations on April 23 was very toxic to Ceriodaphnia 

dubia, and somewhat toxic to fathead minnows. Water collected in Uttle Raccoon 

Creek upstream of the confluence with Meyer's Ditch was generally not toxic to these 

organisms; 

• Water collected on May 13 and May 17 (for DS-1 only) was generally not toxic; and 

• There was no significant difference in survival of Hyafelfa aztec a in sediments from US-1, 

DS-1, and DS-2. 
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5.3 Benthic Macroinvertebrates 

Based on macroinvertebrate sampling in Uttle Raccoon Creek, there was no evidence of 

significant damage on macroinvertebrate communities that could be attributed to the acidic 

material leak. The following information summarizes the results used in making this conclusion: 

• Macroinvertebrate density was highest immediately downstream of Meyer's Ditch; 

" The number of taxa and taxonomic composition were similar at the four sampling 

locations. The number of taxa collected at the reference location was 10, while 7 to 

13 taxa were present at the downstream locations; 

• Shannon and Evenness Diversity was higher at the reference location. Evenness was 

significantly lower at DS-1. However, it cannot be determined iftl)is decrease is related 

to the leak; and 

• Invertebrate Community Indices calculated for the four locations indicated that the 

macroinvertebrate community was considered to be low quality at all locations. Most 

organisms found at all sites were pollution-tolerant and typical of impacted streams. 

5.4 Fish 

The conclusion of the fish studies was that no significant damage occurred in the fish 

populations in the Little Raccoon drainage. The basis for making this conclusion is provided 

below: 

• Based on the fish population studies in Little Raccoon Creek, the fish kill estimate 

comprised a relatively small portion of the overall population numbers. 

• As a result of the relatively high reproductive rates for fish populations in Little Raccoon 

Creek, fish numbers should return to pre-leak conditions within 1 or 2 years; and 

• Large white sucker were removed from Little Raccoon Creek due to this leak. However, 

spawning movements and development of young suckers in the stream are expected 

to replenish the large fish. 
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FISH KILL COUNTS IN UTILE RACCOON CREEK 
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White sucker 

Green sunfish 

Minnows 

Creek chub 

0 

0 

0 

0 

Table A-i 

Fish Kill Counts in Uttle Raccoon Creek 

j 

0 

0 

0 

3 

3 

4 

4 

5 

0 

7 

4 

8 

j 

13 

15 

2 

0 

j 

j 

0 

0 

0 

2 

19 

4 

25 

26 

1 Each segment was approximately 100 yards in length; see Figure 2- i for segment locations. 
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0-0XSOWS {1] 0 • EXTENSNE > 75% (111 

O·AOUAT1CMACROPHYTES(1] 0 ~DERATE 25-75"!..{71 

!i;(LOGS OR WOCOY DEBRIS PJ;?. SPARSE 5-25% {:lJ-- )\~ 

COMMENTS: y., .. Wt., IYP pniW A"-'i"'l ~i'J,k"' 
. . ;(-NEARLY ASSENT< 5~1] 

RNI; w•ier lad ""'' [,.., ),u,, S••""f· 

~ CHANNEL I.IORPHOLOGY: (Checlr. OHLYOnoe PER Cate:~ory OR dloc:X 211tld A VER.AGE) CHANNEL: D 
fi1NUQS!TX QEY8 QC!MCNJ CHANNC! tzATION SJAAI! ITT MCQ!ClCATlONSlQTI:.£3 

0. HIGH{-'\ 0 • EXCELLENT{7) ~-NONE [6] 0 ·HIGH PJ 0 · $NAGGtNG 0 ·IMPOUND. 

Jl-l.aOOERATE[:lJ D·GOOD{S] 0-RECOVEAED{-'\ }i(-MOOERA.TE{21 0-RELCCA.TlCN O·tSLANOS 

0 ·LOW [21 · 0 ·FAIR pj 0 ·RECOVERING [JJ 0 ·LOW {1] 0 ·CANOPY REMOVAL 0 ·LevEED 

0. NONE [1J a._. POOR {1\ 0 ·RECENT OR NO 0 • OREOOINC; 0 ·BAM< SHAPI~ 

RECOVERY 11\ 0 ·ONE SlOE CHANNEL MCOIF1D.TIONS 

COMMENTS: Sh..~""' y..\1 :+ j \-..<" jo lf.,.,fl 
RIPARIAN: D 

4] RlPARU.H ZONE AND U .. k"X EFIOSlOH • (ctwclr. ONE box p<tt b.arl.k or ci'Mio::.X 2 and A 'o'ER.A.GE per b&nll::) 

"R.i'o'-vr Ri9Mt LooicinQ Down:weam• 

AJP),~I)..N WIDTH EgOS!ON'At!NOFI= • 8 000 PLAIN Q.!M rtf BAliK f>-1QSION 

l A (P« Bank) L A (Uott PTYOOmln&nt Pil'f Rank) l A (P-t:t Bank) 

)t~-W!OE.>S0m {"1 s;:ljO;-FOREST. SWAMP [J] OQ.-URB.A.N OR tNOUSTRlAL{OJ )i ~NONE OR LIT11..E PI 

0 :r-MOCi::AATE 10-SO [JJ 0::1-0PEN PASTUREJ ROWCAOptO] OGSHAUB OR OLD F1ELD[2] 8 G~~;:;::,;;_,; TE..[2J 

OO"·NAAROW 5-lOm (2} OG RES!O_PARK.NEW RELO {1] OQ..C..C:;NSERV. TILLAGE {1\ 0 0-HEAVY OR SEVERE{l] 

OCI"-'o'ERY NARROW 1-5m {1} DO-FENCED PASTURE {1) 08-MlN!~STRUCT!ON 
[OJ 

OO"-NON£i0] 
N•~ 

COMMENTS: 1>\!.U"-<! t<t~ .._ ._{"") '"'.J<!, 
POOLJQUOE AND R1FH.£1HUN OUAUTY 

y.Ax pcoru rcr.ac:X 1) 

D- >-lm(6J 

G 0.7·lm{4] 

D- O."-<l.7m {2] 

0-<0.4m{1} 

Jll<-<o2m {Pool- OJ 

MOBCII-lotCGY 

(Chccil: 1) 

0"-PCX:X. WIDTH> RIFFLE WlOTI-1{2\ 

~-POOL WIDTH- RIFFlE WIDTH {1] 

O"·POO.. WlOTH <RIFFLE W. {OJ 

poo. ffi\/NfB!fB c QJRBC'fl yFI QCfU 

(Chotdt .AU Th-at Apply) 

O"·TOAREN11Alt·1J O"·EDD!ES{1J 

O"·FAST{1J O'·!NTEAST/Thf..!.(·1J 

0"-UC:QERATE { 1] O"·!NTEBMITTENT[-2] 

)!!:.-&OW [11 

POOL: 

COMI.<ENTS: ____ _c~_j~~L_---------------------
---------------------- RIFFLE: 

Rr9 cgw DfOlli EtFfl CrfJUN SUBSTRATE BlEB Cr::JtJN ct.seEoocpNcss 

0 ·GENERALLY >10 em.~ SO (.i.J GST ABLE (•.Q.,eoco;... Bo..Jt)er) {2\ GEXTE.NSN E [· 1} D-MOOER.A TE{OJ 

D 

D 

0 • GENER.ALLY >10 cm.M.A.X<.SO pj 0-k\00. STABLE (•.Q..Pu Gr.a~)(1J "A..LCW. [lj GNONE.{21 

0 · GENERAU Y 5-10 em{'\ }:(UNSTABLE (G~7tel5~ [OJ 
~QRifFli{~ 

)l.· GENERALlY< 5 em (RiHio- OJ 

D 
COMMENTS _________________________ GRADIENT: 

5] Gradient (l~tJml\.e): __ _ 
~AlFFLE:_lQ___ 



i 

I 

~ 

1 

I 
i 
' 

I 
I 

o'\"\C- tooo J.,.. = co;r-~ ~;;~~m~:~;:::: ;!::.i.R~Uihbl 0~~;1:.~~Ee:;~;E: I ==-'--
1] SUBsTRATE (Ctwd: ONLYT.....o Sub•tnt4 TYPE BOXES; Chcrci' B1l rypu P"'•·•f'll'l; •' 

nff POOL RIFR.E,( ·ilt Pqjf-~ SUBSTF!ATE QJlMffi SUBSTRATE SCORE: 0 
O 0-BLDER JSt..ABSt10} ___ 0GGA.AVEL (71 SyWtn1t Or!cr!o (Ch.td: •II) Sltt Com !Cb:KJ Ootl 

O Q.-SOUlDER ('l] ---- 0 e.SANa (6] __3!. .Ja._O-LJIJESTONE [1pA1P/RAP (OJ ~SilT HEAVY [·2] 0-Sll T I.KlOEAATE (·lJ 

QQ-COBSL.E ['Sl ----·- OGBEOROCX{SL_ __ 0-TILLS {lj 0-H.AROPAN[OJ 0- SILT NORMAl (OJ iJ-SlLT FREE (1} 

QGHAR.OPAN[-4] --- OD-OETRITUS[.ll__ __ 0-SANOSTONE[OJ Epeo1 01 Embtddn«nJ <Cilfct Qnel 

aC:WUCX[21 --- aO-Af!TIFlC.JOI -- __ 0-SHALE !·II D-8<TENSIYEJ·2][)..-M00EAATE{·II 

TOTAL NUMB EA OF SUBSTRATE TYPES: Ch J. [2] Q- <"" J.(OJ Q-CO.o6.J. FlNES (-2} ;if--LOY<f\0} O-N ONE{ 1 J 

NOT£: (IQnOI'• ~IN! ()(19ina.taS fn:>m paioc~; acor• ls 0.-=l on r.&11.nl Sl.b$1!'2\as) • 

coMMENTS Fr...., rif.&< pn't;t.t COVER SCORE: D 
~C:l'Ma: ONLY On. or 

I:'t£f (CMek AD'TMl Apply) 
et-:11: l •nd AVERAGE') 

0-UNOEACUTBANKS(l} O·OEE?POOLS[2J 0-0XBC:l"f/5(1] O·EXTENSIVE>~5"1.(11} 

O -OVERHANGING VEGETAT\ON[1J ilf·AOOTWADS (1] 0 ·ACUAT\C ),..(ACROPHY'T"i:S {1] 0 • ...OOER.ATE 2$-75% [71 

0 -SHALLCIY'I'S (lN Slan'WATER) [1J 0 ·80VLOEAS (1] ')L·LOGS OR WOOOY DE3AIS (1]~ ·SPARSE 5-2:5% [3) 

. . I__ •IJ . t. a-NEARLY'-SSENTd"'-(11 

COI.I~ENTS: (_...., W1<\"'C lf..r/ {;,..,j, yYtr fm'1~ lq fOdfWU.S. 

:r] CHJ..Ht-18.. t.IOAPHOLOOY: {Ciwdr. ONt YOn. PER Cataqory OR chocX 2 and AVERAGE) CHANNEL: D 
SIM!CSrtX Qf\11=1 QPMfNJ CHANNEl RA]ON ST,A,AIL [Y ~ 

a· HIGH 1'1 a· EXCELLENT [l] l!· NONE 161 a· HIGH PI 

a-WDEAATE!JI a-GOODJSJ a·AECOVEREDI•I )1.-WDEAATEJ2] 
0 • SNAGGING 0 • IMPOUND. 

d. RB.c:x::.ATlC.'-1 0 • tsL.AN"DS 

';1.· LOW 121 · a· F"R PI a· RECOVERING PI a· LOW ill 0. CANOPY REMOVAL 0 · l.EV£ED 

a· OONE PI )1.. ?OOR PI a· RECENT OR NO 0-DREDGING 0 • BA.NK SHAPING 

0. ONE SIDE CHANNEL MCOIF1C),TIQNS 
RECOVERY [1] 

COI.II.IENTS: __ ~f~·~~~~~~------------------------------------
-------------------------

"J RIPARIAN ZONE AND IA.N:I< UIOSIOH ·\che<:X ONE box p-a< bank or ehecil and AV~OE poo:r b&.n.I;J 

"f!.iv.er Ril;lht ~ Clownmeam" 

RIPARIAN: D 
RIPA~!AN W!Ql)j EBOSIOt*'~UNQP.: • B 000 PLA.lN OOMID' BANK E~OSictl 

l A (PK S..n.k) l A {Uo•t Pr.doml.runt P..r S..n.lr.) L A (P-H Bank) 

0 ;i:-WIOE>50m f""l O~FOAEST. SWAMP [.i) OGURB.AJ-.l OR INOUSTR\AL(OJ :-1 r;l-NONE OR UTTLE \3} 

0 ::r -MOCC?.A TE to-SO PI 018-0PE.N PASTURE! AQ'NCAOF'\QJ 0 GSHAUB OR OLD F1ELD(2] :J 0-MCJ.:n.,;. TE..[2] 

·";Q_Q"-NAAAO'v"t' 5-1 0m {2) 00- AESt!LPARK.NEW FJELD [1] OG-CCNSERV. TILLAGE (1} 0 D-HE.,WY OR SEVERE{'] 

OCl".VERY NARROW \-Sm {1] OQ-F8-/CED PASTURE [1] OQ-MtNI~ONSTRUCTION [OJ 

oo·-NoNE{OJ 
N•>'L 

CO~MfNTS: BA~t. ,105i""' lQ"'fl· 
POOLJGUOE AND RlFFlEJRUH QUAUTY 

MM o~om fCMc:X 1) 

G,.lm(5] 

G0.7·lm{-'J 

G0.4-0.7m(2J 

}"(..:.0.4m[1] 

Q--...,;<).2m [Po:>! .. OJ 

MOA >~HQ CNY 

{Chol:d: 1) 

0"-POCX. WIDTH,. RIFFlE W10TH [2} 

)i._·?OOl WIDTH .. RlFFlE WIDTH {1 J 

o·.poo... WIDTH< RIFFlE W. {OJ 

PCQ! fA\IN'l]IEfl:: CJJRR::KT YF1 OC!IY 

(CMd. AUTh.al Apoply) 

D"·TDRA8ffiALJ·11 a··EDOIES(!I 

O"-FAS"Tt1J O"·IN"TEASTrTIAL{·1} 

O"..UOOERATE [1] o·-INTEA)..IJITENT(·2] 

~1: .st. ow I' I 

POOL: 

C~ENTS:-----------------------
------------------------------

------ RIFFLE: 

8/F'lJ. ~'SUN Q~PJH 
BIFFl ::'RUN St!BSTB,ATF 81f'l:'1 ::rguN EMS::oo::QNFSS 

0 ·GENERALLY ::.10 cm,MA.X;..5CJ ["] Q-STABLE (•.0--~. BoJ~r) {2] GEXTE."lSIYE [·1] GMOOERAT~OJ 

D 

D 

0 • GENERALL)' ,.10 cm.MAX<50 pj 0-MOO. STABLE (•.o .. Pu. G!:av.j) (1] ~LCW. [1] GN~E{21 

0 ·GENERALLY S-10 em [l] ~-UNSTABLE (G~ei.S:and) [OJ 
~OR IFF~!~ 

~-GENERALLY..:5cm{Rit1~ .. oj 

D 
COMMENTS ___________________________ GRADIEifT: 

6] Gradient (1e.euml~): ____ _ "/..POOl:.E.~-S-

f-V• 

9iHt1t"a~ he+.-et.. ?i·l 4 v~ ~ l . 

9')"\ ~~ 4i'\htll ~ vJitl> '(1'\ri\1. \~ ~ . 

.t 'QS·\. ~ ~ i4 '\r...;t;. ~ v~-1- 6--r>-J.;e.+ il 

"/..RUN: __ _ 

'71-"'- 1 s <li""t'r 
I"-""' c PS ·I. 



CIOU!ilil lE!ll'lil !:ii~rr:> IOI~~:~~~:w~[lllQI~II'J §QiHll<ilQ - !Fn~:~ou OHEI scoRE: 0 
,_., Li!k P...a*'"' Cf· ""' o ... ~/'l/1:1 P>vM C<;oo ---'---

'-"""""' ¢.- I :I · c,-.___,p,.,"1~~ftl.t-1 _r..,•!!tlo.•-------

,1 stJisTRATE (C~ QHLYT\1<10 Subatrat• TYPE BOXES; Ch<tdc d ryp- pn~.llt.#fJ:I'}; 

ne.f POOL RIFFLE - P<JOl RIFFLE SU'f!STBATf~ SUBSTRATE SCORE: 0 
OGBL.DER !Sl..A.BSl10J ____ OG-CRAVEL [7} -- __ -Sutntntt Or~g!o (Chotdt. •In Sin C9Yf! IChtr)s Orut 

oO-BCXJLDEft {9] ---- OGS.ANO [6] -- __ D-UMESTONE [1p.RJPJAAP (0] 0-SILTHEAVY [·2]j1-Sn.T J.AOOERATE [-l} 

QQ-COSBLE [81 ----·- OD-8EOROCK{5L__ __ Q-TlUS (1} 0-HAROPAN {OJ 0 ·SILT NORMAL[OJ 0- SILT FREE [1J 

O Q.HARDPAN {.1.} ---- 0 ZrDETRrTUSf.ll__ ..ll_Q-s.a..t.JOSTONE [OJ Ex]tffi Qf fmbtPdntU <Chsct Oot'\ 

O-UC<i2J __ .:\£ OD-AA11RqOJ -- __ D-SKALE{·1{ D--S<TENSIVE{·2JQ.-.;.lODERATE{·1{ 

TOTAL NUMBER OF SUBSTRATE TYPES:Q:. 4 [2] Q--c .. 4 {OJ 0-C0AL ANES [-2] ~O'N[OJ 0-NONE{!J 

Han: (lrJrlo.X• ~· tlU:l ono;~tn.ato5 t:rom pou.-~; JICOr'li.s t~.aud on nall111.l &t.Dstr.tt.es) • ( \ ) 

ccMMENTS r1 11 ,!dJibl " ~ilt ~~•liN<. ~~~ ri&lu. S•'"" 5•ft"' hp ~ "'""~ < ·r 
. .~ ' w~~~ D 

7J INS1"REAU COVER 

AMQlllii(Chotd ONLY Oro. Of 

r:t:.f£(CMd AUT\"14t Appty) 

0 ..UNDERCUT BANKS [t I 0 ·DEEP POOLS [2) 

~...OVERHANGING VEGETATION [1\ 0 .fiCXJTWAOS (t] 

0-SHALLON'S {lN SLOW WATER) [1\ 0 ·BOULDERS [tJ 

etl.ctr. ::Z •nd .AvERAGE) 

0 -OXBOWS i'J 0 • EXTENSNE >75% {t tJ 

0 ·AOUAnc l.I.ACROPHYTES [1} 0 • WDEAATE 2S-75"t. £71 

i1_ ·LOGS OR WOODY OE3AIS {tJJl· SPARSE 5-25"1.. PI 

ca ...... ,rn,, 5i-k ~~ ""'~ C£"(! ~"' vs-( 1>,1-
, . 1 : 

0 ·NEARLY ABSENT <5"(11 

rrQI rfl !!:'!'! llf "SFt~~.ne 

l] CH.A.Hf-I'EL J.IORPtiOLOGY: (C~ ONLY One PER Cate-gory OR c:h«;X 2 and A VER.A.G£) CHANNEL: D 
SIM!QSITY Qf\'<;1 OPy~NT GH-',t:,rNR QJ.TION STAB!l[[( ~

 

a· HIGH [<4] a· EXCEU.EHT(7} 0 ·NONE {61 0 ·HIGH PJ 0 ·SNAGGING 0 ·IMPOUND. 

O·t.AOOERATEP! 0-GOOD(Sl '1~·RECOVERED{<4} 'i!-·WDER.ATE[Z1 0-REL.cc..a..T/O'o' O·tSLANOS 

J:l:.· LOW [2{ a· FAIR pj • 0 ·RECOVERING PI a· LOY¥ [1] a· CANOPY RE~VA.L a· LEVEED 

0 ·NONE {1] }:(·POOR (1) 0 ·RECENT OR NO a· DR EGGING 0. BANX SHAPING 

RECOVERY {1] 0 ·ONE SlOE CHAI'f'lEl. MCXJIF1CA 110NS 

CO'-'"'ENTS: M•; fv.v( ',...._ c iy,,H\i7 .J 
I 

-4] RlP.A.RlJ...H ZONE ANO I~ UIOSlOH -{elwci: ONE box p..r bGM. « eMcl:2 a rod AVER.A.CiE poa-r ~) 

'F\.Iv<lr RiQht ~ !Jc:r,rwnmum· 

RIPARIAN: D 
RipARIAN WroTH EROSIOWl=lVNQ~ ·FlOOD Pt AIN Q.JA! ITY BANK t:gOS!CN 

l A (P« B.aM) L A (Uost Pr.Oomlna.nt Pet B-arVq L A (Pti BarU:) 

oa·.wroE:>som {~] DD-FOREST. SWAMP PI DO-URBAN OR 1NOUSTF11.AL(OJ o ~NONE OR L!TTl.E PI 

0 :::r -MOCERA TE 10-SO pj 0'¢-0PEN PASTURE/ Ra.'ICROP\OJ 0 0-SHRUB OR 0...0 F1ELD\2J :J D-M:.J~FJ,. TE...(2) 

0 a· -NARROW 5-lOm (2] )!1:0- AESIO .• PARK.NE'r'l F1ELD {1] f 0 Q.C.CN.sERY. TlLU.GE [1] 0 0--HE.AVY OR SEVERE(\] 

~O'·VEAY NARROW I·Sm {1] OGFENCED PASTURE (IJ • DO-MINING/CONSTRUCTION (OJ 

Dlli:-NONE!OJ 
~ N""{ 

CO'-'MENTS:~~~~~~~~~----
------------------------

------------

POOUGUOE AND RIFFL..B'RUN OUAUTY 

HAX o~oru rcMc:X 11 

Q-,.1m[6J 

D-0.7-lrn{~l 

.!!, o ""'-7 m 121 
Cl-..c0.,f,m{1} 

Q--...c0.2rn {P-col .. OJ 

MOAPHQt CCY 

(Ch«c:X 1) 

O"·POOL WIOn-1 ,. RIFFLE WlOTH (2] 

0 ·POO... W!OTI-1 .. AJFFLE W!OTI-1 {1] 

~-POOL WIDTH <RIFFLE W. {0] 

"' \'\ ffl<. ~ 

pcq fBI !N!f11F"0 ~ QlRRft<I YE1 OCfTY 

{Chotd AliTh.l.t AP9ly) 

O"·TORRENTI)..l_{·lJ 0"-EDOIES{lj 

O'·F,&...S'T\1) O"-INTERSTfT1Ali·1] 

0"4.KXJERATE Pl Q'.JNTEAM!TTENT\·2] 

';!l:.-SlOW{1J 

POOL: 

COMMENTS: ___________________________________________________________ _ 

RIFFLE: 

8!€9. ~'EIIN QfPJ1-j f!!Efl >=JflUN SlffiSTRATf RifF] Cf5\JN F! .. ffit:Qp>=oN=-5-S 

D • GENEft..IJ.J. Y >10 c:m.MAX.>SO [i) Q-STABLE {•.o .. ecw.e. Ba.J>o.1) [2] D-EXTENSNE [·IJ D-MOOER.ATE.{O] 

D 

D 

0 • GENERAl..LY >lOcm.MA.X..:SO [JJ Q-MCO. STABLE (•.Q..PU Gr.aV11!) (1] ji}LGW. {1] Q-NONEP1 __ _ 

0 • GENEFVJ..LY 5·10 c:m {1] D-UNST ABLE {G~Tt.t.S.lnd) [OJ 
~0 A~F~j~ 

'!f.· GENEP.ALL Y < 5 en )POtlio • 0) t"v\" •H\ic.o\t 

COMMENTS __ ~_u·~~-----------------------------------
-----GRADIENT: c==J 

6] Gradient (1«tJmlk): ___ _ "4POOL:_l!.Q__ "$.RIFFLE: ___ __ %RUN: __ _ 
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• 

OIO'ilc IE!il'Li'l ;!MU® ~:,c~~:pJUO~i'il §llil®~U - IFO.:~Iro QHEI SCORE: 0 
....., t·Hit B ~ C:(-.j( 

RI.O Om• i;(1(tJ ""''' eoo. 

t..or::uorr 1f-i1. r:~;;t \•oft "f'+n;J,.. rl. "-an,., q.· ontk.r....cr Cl~:::::Q2~•·~~~t'~I.Jf\!•~H~j:.:::======-:: 

1} sussnu.TE (C~ ONL Y1wo Sut:Jatrat.o TYPE JoXES: Ch..cl d t)rpt-t prrw..n~; 

= POOL RlFF\.E •oa RIFFLE sv•srBnE m suaSTRA TE scoRE: D 
QQ-at.OEF\ JStABSl:1aJ ____ 00-GRAVEl (71 ____ SI.Jtt1tn1g Ori:Qln (Choc:X aiO SIM Com ICtw;! One! 

O Q-60ULDER [i} ---- 0 Q-SANO {6} ____ Q-UMESTONE {1JJ-AIP/FIAP {OJ GSIL T HEAVY (-2])':1;-SILT MOOERA.TE {·l] 

QQ-COSSt.E [11 ----·- OQ-BEDROCX{5l__ __ Q-TlU.S (1} 0-HARDPAN(O] 0- SlLTNOAMAJ.. [OJ 0. SILT FREE [tJ 

0 p-ftAAOPAN 1-'J ---- 0 Q-OETAJTUS(Jl._ __ GSANOSTONE {OJ Etlfot 01 Emb("ddOS'u fl:tl';d O!Jtl 

m :sA1ucK iZJ J.l!P__ 0 Q-MIT1F1CjOJ -- __ GSHALE J·lJ Q.....EXTENSIVE (·2J Q-..,U()OERA TEj·lJ 

TOTAL NUMSER OF SUBSTRATE TYPES:Ch .L [2] 0-< .. A. [0} 0-COAL ANES (·2} ~OWl, OJ C}-NQNE{tj 

~ ~· ~· 1/l.:tf cuvtnatkl trom poir:c-sourc~: .:::rxel:s bu . .ed on n.u..nl .t.Lbs:rntas) • 

cow.<a<rs Na <if±les y;ro<>t. Cl•1 o1- 1\•,)o; m,•N'< ..,Her Jo--i .. fcl 1"\tW-..It. . D 
. "'"'"\\ .... .;r "" <.{\t o~H ''""~· COVER SCORE: 

7J ~£.AU CoVE A 

6h:!J!Jtai.Chottlr. OHLY On. or 

~(Chock J.Z1Th.ll Apply) 
e:h..:k :2 •nd A VERA. GEl 

Q-UNOERCUT BANKS{1\ O·OEEP POOLS {2\ 0 ·OXBOWS {1] a· EXTENSNE > 7S"f.. (11] 

)51. ...0VERHANGING 'JEG8ATION(1J r;!.·AOOTWADS (1\ 0 ·A.OUATIC MACROPHYTES (1] ):!.' • t.AODERATE 25-75"1.. (71 

O-sHALLO'NS (1N Slan' W}..TEA) {1} a-BOULDERS 11\ ;:1-LOGS OR WOODY DEBRIS [1] a· SPARSE 5-2:5~ (:!] 

. . \ 
1 

.. 0 • NEARl,Y ASSENT< 5'<(\j 

coMMENTs: Qr¥h1 t•'lsl fn..-: ,l,.A < I?S f.rr 'l:> It; CuY\!f pruia '- 0, •'1'<.!49 i'1 'K')·; ;Nm1 "' 

l] CHA!-I'iEL LlORP1iOLOOY: (Cho&d ONlYOnct PER ~ta~ory OR c:h<oc!r. 2 and AVERAGE) CHANNEL: D 
SINUQSfTY DE)'Fl OPMFW CH,i,NNCl fl6TION SV.Bll[U MQQ!8C,t,TIQ'i~

 

0. HIGH {J.] 0 • E'(CELLENT [71 .:(·NONE {51 0 ·HIGH {J] 0 • SN.AGGII'.G a· !MPOUNO. 

Jl. lrJOOERATE {JJ a· GOOD (5} 0 ·RECOVERED("} '5i- WOERATE [2} 0 · RELcc.,.t.TICN 0 ·ISlANDS 

O·LOW[21 · 0-F}..IR{J] O·RECOVERrNG[JJ O·LOW{lj 0-CAN.OPYREMONALO·LEVEED 

0. NONE (1\ /{· pOOR { IJ 0 • RECENT OR NCl 0 ·DREDGING 0 • BANX SHAPING 

RECOVERY {1\ 0 ·ONE SlOE CHA.f'.M'.IEL t.ACOIF1CA110NS 

co ...... E..-rs: 'l. !•.1, i• ••..4- W f± ~rdi~>o 

.4] R.lPARLA.N ZotlE AN'O I.A/'0( Efi.OSJON ·\cM-d: ONE box p41' bank«~ 2 end AVERAGE per b...IU) 

"RN-r RiQhl: ~ Do¥m.wea.m" 

RIPARIAN: D 
BIP6A!6N WlpTli EgO<::IQ/f:P.tJNOF • 8000 P\ AIN a.JA\ [fY 

L A (P« &.anlr.) L A (~ost PI?Ooml.n..ant P..r S&nlr.) L R (Ptf B.snk) 

JiZID"·WlOE>SOm f4] ")i10-FOREST. SYVAMP PJ OGURB.,t..N OR INDUSTRI.Al{OJ ~ Q.NONE OR UTTI.E {J] 
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ENSR Consulting and Engineering 

·Alabama Florence (205) 740-8240 

Alaska Anchorage . (907) 276-4302 

California Los Angeles 

Camarillo (805) 388-3775 

Newport Beach (714) 476-0321 

San Francisco (51 0) 865-1888 

Colorado Fort Collins (303) 493-8878 

Connecticut Hartford (203) 657-8910 

Dlinois Chicago (708) 887-1700 

Massachusetts Boston (508) 635-9500 

Minnesota Minneapolis (612) 924-0117 

New Jersey Mahwah (201) 818-0900 

Somerset 
- (908) 560-7323 

Pennsylvania· Pittsburgh (412) 261-2910 

North Carolina Raleigh (919) 571-0669 

South Carolina RockHill (803) 329-9690 

Texas Dallas (214) 960-6855 

Houston (713) 520-9900 

Washington Seattle (206) 881-7700 

Puerto Rico San Juan (809) 753-9509 
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